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- Structure of B.Se. Programme (Life Science)/B.Se. Medical under CBCS
IBOTANY COMPONEN]

Semester

Core Course

{
I

CC-Zoology
CC—C__hclnistr

111

P P

CC-Zoology Il
CC-Chemistry 11

CC-Zoology
CC-Chemistry Hi

CC-Zoology 1V
CC-Chemistry 1V

Ability Skt Discipline Specific
Enhancement Enhancement | Elective DSE(4)
Compulsory Courses

Courses SECH4)
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Details of Courses

Core Courses —Botany

L. Biodiversity (Microbes, Algae, Fungi and Archegoniatae)
2. Plant Ecology and Taxonomy

3. Plant Anatomy and Embryology

4. Plant Physiology and Metabolism

Discipline Specific Electives-Botuany (Any two)

l. Economic Botany and Biotechnology
2. Cell and Molecular Biology

3. Analytical Techniques in Plant Sciences
4. Bioinformatics

E

Ability Enhancement Compulsory Courses

. Environmental Science
2. BEnglish/M1L. Communication

Skill Enhancement Courses (four)

Botany

= 1. Biofertilizers
- 2. Medicinal Botany
1 3. Ethnobotany
| 4. Intellectual Property Right
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Scheme of B.Sc. Programme (Life Sciences)/ B.Sc. Medxcal under CBCS
[BOTANY COMPONENT]

SEMESTER | COURSE OPTED COURSE NAME CREDITE
I
Core course Loology I Biodiversity-Animals . 4
Core Course Zoology I Biodiversity-Animals —Practical | 2
Lab.
, Core course Chemistry [ Atomic Structure, Bonding, 4
General Organic Chemistry &
Aliphatic Hydrocarbons
Core course Chemistry | Atomic Structure, Bonding, 2
Practical General Organic Chemistry &
Aliphatic H drocarbons - Lab
1 | ‘ ton
T SR R RS T B G 3
Core course Zoology H Comparative Analomy and 4
_ | Developmental Biology -
Core Course 7 ooloby i Comparative Anatomy and 2
Practical .| Developmental Biology-Iab
Core course Chcmistry { Chemical Energeties, Bquilibria | 4
&lunctional Group Organic
Chemistry
Core Course Chemistry |1 Chemical Energetics, Equilibrin | 2
Practical &liunctional Group Organie
- Chemisiry-Lab
I
Core Loum, /cm]o&y EIE |
7 LOI C ourse Zoology IEI
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Practical

Lab
Core course Chemistry [11 Conductance, Electrochemistry & | 4
Functional Group Organic
Chemistry-1}
Core Course Chemistry [T Conductance, Electrochemistry & | 2
Practical Functional Group Organic
Chemlstr —Lab
B ke L’Fa
Y ] )
Core course Zoology IV Genctics and Evolutionary 4
Biology
Core Course Zoology IV Genetics and Evolutionary 2
Practical Biology
' -Lab ,
Core course Chemistry [V Chemistry of s-and 4
p-block elements, States of
matter and Chemical Kinetics
Core Course Chemistry TV Chemistry of s-and 2
Practical p-block elements, Staies of
malter and Chemical Kinetics-
Lab
A4

4160

Discipline Specific Elective DSE- I Zoology 4
Zoology | ‘ B

Discipline Specific Eleclive 2
Zoology I Practical 3 .

Discipline Specific E Jective DSE- 1 Chemistey [ 4
Chemistry | L B
Discipline Specific Blective - 2

Chenmistry | Practical
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VI
DlSClpllnB Spe01ﬁc Elective DSE Zoo[ogy II 4
Zoology Il
Discipline Specific Elective 2
Zoology 11 Practical
Discipline Specific Elective DSE Chemistry -f1 4
Chemistry III
Discipline Specific Elective 2
Chemlstr [II Practical

Total

b4
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Semester I
Core Course: Botany |

Biodiversity (Microbes, Algae, Fungi and Archegoniatae)
(Credits: Theory-4, Practicais-2)
THEORY
Lectures: 60
Unit 1: Microbes (10 Lectures)
Viruses — Discovery, general structure, replication (general account), DNA virus {T-phage);
Lytic and lysogenic cycle, RNA virus (TMV); Economic importance; Bacteria — Discovery,
General characteristics and cell structure; Reproduction - vegetative, asexual and recombination
(conjugation, transformation and transduction); Bconomic importance.
U nit 2: Algae (12 Leetures)
General characteristics; Ecology and distribution; Range of thallus organization and
reproduction; Classification of algae; Morphology and life-cycles of the following: Nostoc,
Chlamydomonas, Oedogonium, Vaucheria, Fucus, Polysiphonia. Economic importance of algae
U nit 3: Fungi (12 Lectures)
lntroduction- General characteristics, ecology and significance, range of thallus organization,
cell wall composition , nutrition, reproduction and classification; True Fungi- General
characteristics, ecology and significance, life cycle of Rhizopus (Zygsomyeota) Penicillium,
Alternaria (Ascomycota), Puccinia, Agaricus (Basidiomycota); Symbiotic Associations-Lichens:
General account, reproduction and significance; Mycorrhiza: ectomycorrhiza and
endomycorrhiza and their significance

Unit 4: Introduction to Archegoninte (2 Lectures)
Unifying features of archegoniates, Transition to tand habit, Alternation of generations.
U nit 5: Bryophytes {10 Lectures)

General characteristics, adaplations Lo land habit, Classification, Range of thallus organization.
Classification (up to family), morphotogy, anatomy and reproduction of Marchantia and
Funaria. (Developmental details not to be included). Ecology and cconomic importance of
bryophytes with special mention of Sphagnum. )
Unit 6: Pteridophytes (8 Lectures)
General characteristics, classification, Early land plants (Cooksonia and Rhynia), Classification
(up to family), morphology, anatomy and reproduction of Seluginella, Fquisetum and Preris.
{Developmental details not to be included), Heterospory and seed habit, stelar evolution. _
Lcological and economical importance of Pleridophytes.
Unpit 4: Gyminosperms , (6 Lectures)
General characteristics, classification. Classification (up to family), morphology, anatomy and
reproduction of Cyeas and Pinus. (Developmental detaits not to be included). Ecological and
cconomical importance,

Practical
5. HEMs/Models of viruses —~ T-Phage and TMV, Linc drawing/Photograph of Lytic and
Lysogenic Cycle.
6. Types of Bacteria from temporary/permanent slides/photographs; I'M bacterjum: Binary
[figsion; Conjugation; Structure of root nodule.
7. Gram staining
8. Study of vegetative and veproductive structures of Nosioe, Chlannadomonay (cleciron

9
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micrographs), Oedogonium, Vaucheria, Fucus* and Polysiphoria through temporary
preparations and permanent slides. (* Fucus - Specimen and permanent slides) ,
9. Rhizapus and Penicillium: Asexual stage from temporary mounts and sexual structures
through permanent slides.
10. Alternaria: Specimens/photographs and tease mounts.
V1. Puccinia: Herbarium specimens of Black Stem Rust of Wheat and infected Barberry
leaves; section/tease mounts of spores on Wheat and permanent slides of both the hosts.
12. Agaricus: Specimens of button stage and full grown mushroom; Sectioning of gills of
Agaricus. : :
13. Lichens: Study of growth forms of lichens (crustose, foliose and fruticose)
14. Mycorrhiza: ecto mycorrhiza and endo mycorrhiza (Photographs)
15. Marchantia- morphology of thallus, w.m. rhizoids and scales, v.s. thallus through
gemma cup, w.m. gemmae (all temporary slides), v.s. antheridiophore, archegoniophore,
.s. sporophyte (all permanent slides). _ _
16. Funaria- morphology, w.n. leaf, rhizoids, operculum, peristome, annulus, spores
(temporary slides); permanent slides showing antheridial and archegonial heads, Ls.
capsule and protonema. ' :
17. Selaginella- morphology, w.m. leaf with ligule, t.s. stem, w.m. strobilus, w.m.
microsporophyll and megasporophyll (temporary slides), |.s. strobilus (permanent slide),
18. Equisetun- morphology, t.s. intcrnode, 1.s. strobilus, s. strobilus, w.m. sporangiophore,
w.m. spores (wet and dry)(temporary slides); t.s thizome (permanent slice).
19. Pteris- morphology, t.s. rachis, v.s. sporophyll, w.m. sporangium, w.m. spores
* (temporary slides), t.s. rhizome, w.m. prothallus with sex organs and young sporophyte
(permanent slide). .
20. Cycas- morphology (coralloid roots, bulbil, leaf), t.s, coralloid root, t.s. rachis, v.s. leaflet,
v.s. microsporophyll, w.m. spores (temporary stides), Ls. ovule, t.s. root (permanent slide):
21. Pinus- morphology (long and dwarf shoots, w.m. dwarf shoot, male and female), w.n.
dwarl shoot, L.s. necdle, Ls. stem, , Ls./t.s. male cone, w.m. microsporophyll, w.m.
microspores (temporary slides), Ls. female cone, tLs. & r.ls. stem (permanent slide),
Supgested Readings
1. Kumar, .. (1999). Introductory Phycology. Alfifiated Last-West. Press Pyvt. Ltd, Delhi.
Znaedition,
ZJYONQMLCLL,Phnkc,BiL,Chmc,CJ;(ZUHH.Nﬁuuhhﬂogy:Aninhoducﬁon,Peamon
Benjamin Cummings, U.S A, [0medition. ‘
3, Sethi, LK. and Walia, S.K. (2011). Text book of Fungi & Their Allics, MacMillan
Publishers Pyvt. Ltd,, Delhi.
4. Alexopoules, C.J., Mims, C.W., Blackwell, M. (1996). Introductory Mycology, John
Wilcy and Sons (Asia), Singapore, 4in edilion.
3. Raven, P.H., Johnson, G.B., Losos, 1.3, Singer, S.R., (2005). Biology. Tata McGraw
Hill, Delhi, [ndia,
0. Vashishta, P.C., Sinha, A K., Kumar, A, (2010). Pieridophyta, 8. Chand. Delhi, (ndia.
7. Bhatnagar, S.F. and Moitra, A, (1996). Gymnosperms. New Age lnternational (1) Tid
Publishers, New Delhi, India.
8. Parihar, NLS, (1991). An introduction to LEmbryophyta. Vol, 1. Bryophyta. Central Book
Depot, Allahabad,

- Semeester H
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Core Course Botany —IT
Plant Ecology and Taxonomy
{Credits: Theory-4, Practicals-2)
THEORY
Lectures: 60

Unit 1: Introduction {Z Lectures)
Unit 2: Ecological factors (10 Lectures)

~ Soil: Origin, formation, composition, soil profile. Water: States of water in the environment,

precipitation types. Light and temperature: Variation Optimal and limiting factors; Shelford

law of tolerance. Adaptation of hydrophytes and xerophyies.

U nit 3: Plant communities (6 Lectures)
Characters; Ecotone and edge effect; Succession; Processes and types. ‘
Unit 4: Ecosystem ‘ (8 Lectures)

Structure; energy flow trophic organisation; Food chains and food webs, Ecological
pyramids production and productivity; Biogeochemical cycling; Cycling of carbon, nitrogen
and Phosphorous '

Unit 5: Phytogeography , {4 Lectures)
Principle biogeographical zones; Endemism

U nit 6 Introduction to plant taxonomy : (Z Lectures)
Identification, Classification, Nomenclature. .

Unit 7 Identification (4 Lectures)

Functions of Herbarium, important herbaria and botanical gardens of the world and Indja:
Documentation: Flora, Keys: single access and multi-access :
Unit 8 Taxonomic evidences from palynolopy, cytology, phytochemistry and molecular

data, {6 Lectures)
Unit 9 Taxonomic hierarchy (2 Lectures)
Ranks, catogorics and taxonomic groups

Unit 19 Botanical nomenclature (6 Lectures)

Principles and rules (ICN); ranks and nomes: binominal system, typification, author citation
valid publication, rejection of names, principle ol priority and ils Iimitations.

U nit L1 Classification (6 Lectures)
Types of classification-artificial, natural and phylogenetic, Bentham and Hooker (upto
series), Engler and Prant) (upto serics).

Unit 12 Biometrics, numerical taxonomy and cladistics (4 Lectures)
Characters; variations; O'1Us, character weighting and coding; cluster analysis; phenograms,
cladograms (definitions and differences).

1

Praetical
L. Study of instruments used to measie microclimatic variables: Soil thermomoter,
maximum and minimum thermaometer, ancmometer, psychrometer/hygrometer, rain gauge
and tux meter. ' ‘
2. Determination of pH, and analysis of two soil samples for carbonates, chlorides, niteatcs,
sulphates, organic malter and base deficiency by rapid field test.
3. Compurison ol bulk densily, porosity and rate ol infiliration of water in soil of three
habitats,
4. (a) Study of morphological adaptations ol hydrophytes and xerophyles (four cach).
(M)Study of biotic interactions of the foltowing: Stem parasite (Cusenda), Root parasite

11
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( Orobanche), Epiphytes, Predation (Insectivorous plants)

5. Determination of minimal quadrat size for the study of herbaceous vegetation in the
college campus by species area curve method. (species to be listed)

6. Quantitative analysis of herbaceous vegetation in the college campus for frequency and
comparison with Raunkiaer’s frequency distribution law

7. Study of vegetative and floral characters of the following families (Description, V.S.
flower, section of ovary, floral diagram/s, floral formula/e and systematic position
according to Bentham & Hooker’s system of classification):Brassicaceae -Brassica,
Alyssum / Iberis; Asteraceae -Sonchus/Launaeq, Vernonia/dgeratum, Eclipta/Tridax;
Solanaceae -Solanum nigrum, Withania, Lamiaceae -Salvia, Ocimum; Liliaceae -
Asphodelus / Lilium / Allium. :

8. Mounting of a properly dried and pressed specimen of any wild plant with

herbarium label (to be submitted in the record book).

Suggested Readings _ '

[. Kormondy, E.J. (1996). Concepts of Ecology. Prentice Hall, U.S.A. 4u edition.

+ 2. Sharma, P.D. (2010) Ecology and Environment. Rastogi Publications, Meerut, India. 8
edition,

3. Simpson, M.G. (2006). Plant Systematics. Elsevier Academic Press, San Diego, CA,
U.S.A.

4. Singh, G. (2012). Plant Systematics: Theory and Practice. Oxford & IBH Pvt. Ltd., New
Delhi. 3w edition. '

Semester 111

12
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Core Course Botany -1
Plant Anatomy and Embryclogy
(Credits: Theory-4, Practicals-2)
THEORY
Lectures: 60

Unit 1: Meristematic and permanent tissues (8 Lectures)
Root and shoot apical meristems; Simple and complex tissues.

U nit 2: Organs {4 Lectures)
structure of dicat and menocol root stern and leaf.

Unit 3: Secondary Growth (8 Lectures)

Vascular cambium — structure and function, seasonal activity. Secondary growth in root and
stem, Wood (heartwood and sapwood).

U nit 4: Adaptive and protective systems ' (8 Lecturcs)
Epidermis, cuticle, stomata; General account of adaptations in xcxophytss and hydrophytes.
Unit 5: Structural organization of flower (8 Lectures)

Structure of anther and pollen; Structure and types of ovules; Types of embryo sacs,
organization and ultrastructure of mature c,mb:yo sac.
Unit 6: Pollination and fertilization (8 Lectures)
Pollination mechanisms and adaptations; Double !ullllmtlon Seed-structute appendages
and dispersal mechanisms. i
Unit 7: Embryoe and endosperm (8 Lectures)
Endosperm types, structure and functions; Dicot and monocat embryo; Embryoendosperm
refationship.
Unit 8: Apomixis and polyembryony (8 Lectur s,s)
Definition, types and practical applications.
Practical

t. Study of meristems thlough permanent slides and photographs.
2, Tissues (parenchyma, collenchymua and sclerenchyma); Macerated xylary clements,
Phloem (Permanent slides, photographs)
3, Stem: Monocot: Zea mays; Dicot: Hc/fm:r!ms' secondary: Helianthuy (only
Permanent slides).
4. Root: Monocot: Zea mays, Dicot: Heliunthuy, Secondary: Heliunthus (only
Permanent slides).
5. Leaf: Dicot and Monocot feaf (only Permanent slides).
6. Adaptive anatomy: Xerophyte (Nerfum lcafy; Hydrophyte (Hydritla stem).
7. Structure of anther (young and malure), tapetum (aimoeboid and 'su,rut()ny)
(Permanent slides).
8. Types of ovules: anatropous, orthotropous, circinolropous, amphitropous/
campylotropous.
9. lemale gametophyle: Polygonnnt (monosporic) type of Embryo sac l)wclopmunt
(Permanent slides/photographs).
HO. Ultrastructure of mature egg apparatus cells through slectron micrographs.
LE Pollination types and seed dispersal mechanisms (including appendages, aril,
coruncle) (Phatographs and specimens).
12, Digseetion of embryo/endosperm from developing sceds.
3. Caleulation of percentage of germiated pollen in a given mediun.
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Suggested Readings
1. Bhojwani, S.S. & Bhatnagar, S.P. (2011). Embryology of Angiosperms. Vikas

Publication House Pvt. Ltd. New Delhi. 5t edition.
2. Mauseth, 1.D. (1988). Plant Anatomy. The Benjamin/Cummings Publisher, USA.

14
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Semester [V
Core Course Botany -1V
Plant Physiology and Metabolism
(Credits: Theory-4, Practicals-2)
THEORY
Lectures: 60

Unit I: Plant-water relations {8 Lectures)
Importance of water, water potential and its components; Transpiration and its significance;
Factors affecting transpiration; Root pressure and guttation.

U mit Z: Mineral nutrition (8 Lectures)
Essential elements, macro and micronutrients; Criteria of essentiality of elements; Role of
essentiaf elements; Transport of fons across cell membrane, active and passive transpaort,
carriers, channels and pumps, -

Unit 3: Translocation in phloem {6 Lectures)
Composition of phloem sap, girdling experiment; Pressure flow model; Phloem loading and
unloading.

Unit 4: Photosyntliesis (12 Lectures)
Photosynthetic Pigments (Chl a, b, xanthophylls, carotene); Photosystem 1 and [1, reaction
center, antenna molecules; Electron transport and mechanism of ATP synthesis: C3, Ca and
CAM pathways of carbon fixation; Photorespiration. '

Unit 5: Respiration (6 Lectures)

Glycolysis, anacrobic respiration, TCA cycle; Oxidative phosphorylation, Glyoxylate,
Oxidative Pentose Phosphate Pathway.

Unit 6: En zymes : {4 Lectures)

Structure and properties; Mechanism of enzyme catalysis and enzyme inhibition.

Unit 7: Nitrogen metabolism (4 Lectures)
- Biclogical nitrogen fixation; Nitrate and ammonia assimilation,

Unit 8: Plant growth regulatory (6 Lectures)

Discovery and physiological roles of auxins, gibberelling, cytokinins, ABA, cthylenc,

U it it 9: Plant response to light and temperature (6 Lecturey)

Photoperiodism (SDP, LDP, Day neutral plants); Phytochrome (discovery and structure), red.
and far red light responses on photomorphogenesis: Vernalization.

Practical
I. Determination of osmotic potential of plant cell sap by plasmolytic method.
2. To study the offect of two environmental factors (light and wind) on transpiration by
excised twig.
3. Caleulation of stomatal index and stomatal fiequency of a mesophyte and a
xerophyle,
4. Demonstration of Hill reaction.
5. Demonstrate the activity of calalase and study the effect of pH and enzyme
concentration.
0. To study the cffeet of light intensity und hicarbonate concentration on Oz evolution in
photosynthesis.
7. Comparison of the rafe of respivation in any two parts of o plant.
8. Separation of amino acids by paper chromatography.
Demonstration experiments (any four)
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1. Bolting.

2. Effect of auxins on rooting.

3. Suction due to transpiration.

4. R.Q.

5. Respiration in roots.

Suggested Readings :

1. Taiz, L., Zeiger, E., (2010). Plant Physiology. Sinauer Associates Inc., U.S.A. 5t
Edition.

2, Hopkins, W.G., Huner, N.P., (2009). Introduction to Plant Physiology, John Wiley &
Sons, U.S.A. 4m Edition.

3. Bajracharya, D., (1999). Experiments in Plant Physiology- A Laboratory Manual.
Narosa Publishing House, New Delhi.

16
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Discipline Spécific Elective Courses
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" Discipline Specific Elective Botany
Cell and Molecular Biology
(Credits: Theory-4, Practicals-2)
THEORY
Lectures: 60
Unit 1: Techniques in Biology : (8 Lectures)

Principles of microscopy; Light Microscopy; Phase contrast microscopy; Fluorescence
microscopy; Confocal microscopy; Sample Preparation for light microscopy; Electron
microscopy (EM)- Scanning EM and Scanning Transmission EM (STEM); Sample
Preparation for electron microscopy; X-ray diffraction analysis. ' :
Unit 2: Cell as a unit of Life | (2 Lectures)
The Cell Theory; Prokaryotic and eukaryotic cells: Cell size and shape; Eukaryotic Cell
components,

- Unit 3: Cell Organelies (20 Lectures)
Mitochondria:- Structure, marker enzymes, composition; Semiautonomous nature;
Symbiont hypothesis; Proteins synthesized within mitochondria; mitochondrial DNA.
Chloroplast-Structure, marker enzymes, com position; semiautonomous nature, chloroplast
DNA.

LR, Golgi body & Lysosomes:-Structures and roles.

Peroxisomes and Glyoxisomes: Structures, composition, functions in animals and plants
and biogenesis. o

Nucleus:- Nuclcar Envelope- structure of nuclear pore complex; chromatin; molecular
organization, DNA packaping in eukaryotes, cuchromatin and hetcrochromatin, nucleolus
and ribosome structure (brief),

Unit 4: Cell Membrane and Cell Wall : (6 Lecturces)
The functions of membranes; Models of membranc structure; The fluidity of membranes;
Membrane proteins and their functions; Carbohydrates in the membrane: Faces of the
membranes; Selective permeability of the membrancs; Cell wall.-

Unit 5: Cell Cycle ‘ (6 Lectures)
Overview of Cell cycle, Mitosis and Meiosis: Molecular controls.
Unit 6: Genetic material (6 Lectures)

IINA: Micscher to Watson and Crick- historic perspective, Griflith’s and Avery's
“transformation experiments, Hershey-Chase bacteriophage experiment, DNA structure, types
of DNA, types of genetic materal, :

DNA replication (Prokaryotes and eukaryoles): bidirectional replication, semi-conservative,
semi discontinuous RNA priming, @ (theta) mode of replication, replication of lincar, ds-
DNA, replicating the 5'end of linear chromosome including replication enzymes,

Unit 7: Transcription (Prokaryoles and Bukaryotes) (6 Loectures)
Types of structures of RNA (mRNA, (RNA, rRNA), RNA polymerase- various types;
Translation (Prokaryotes und eukaryotes), genetic code, ‘

Unit 8: Regulation of gene expression (6 Lectures)
Prokaryoles:Lac operon and ‘I'ryptophan operon 5 and in Fukaryotes,

I'ractical

LTo study prokaryotic cells (bacterin), viruses, cukaryotic cells with the help of tight and
clectron micrographs.

2.8tudy ol the photomicrographs of ol organelles

18
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3. To study the structure of plant cell through temporary mounts.

4. To study the structure of animal cells by temporary meounts-squamous epitheiial celi and
nerve ceil.

5. Preparation of temporary mounts of striated muscle fiber

6. To prepare temporary stained preparation of mitochondria from striated muscle cells
/cheek epithelial cells using vital stain Janus green.

7. Study of mitosis and meiosis (temporary mounts and permanent slides}.

8. Study the effect of temperature, organic solvent on semi permeable membrane.

9. Demonstration of dialysis of starch and simple sugar.

10. Study of plasmolysis and deplasmolysis on Rhoeo leaf.

i Measure the cell size {either length or breadtl/diameter) by micrometry,

[2. Study the structure of nuclear pore complex by photograph (from Gerald Karp)Study of
special chromosomes (polytene & lampbrush) either by slides or photographs.

i3. Study DNA packaging by micrographs.

|4, Preparation of the karyotype and ideogram from given photograph of somatic metaphase
chromosome.

Suggested Readings

1. Karp, G. 2010. Cetl and Molecular Biology: Concepts and Experiments. 6th Edition.
John Wiley & Sons. Inc.

2. De Robertis, E.12.P. and De Robertis, E.M.F. 2006. Cell and Molecular Biology. 8th
edition. Lippincott Williams and Wilkins, Philadelphia.

3. Cooper, G.M. and Hausman, R.E. 2009. The Cell: A Molecular Approach. 5th
edition. ASM Press & Sunderland, Washinglon, D.C.; Sinauer Associates, MA.

4. Becker, WM., Kleinsmith, L.}, Hardin, J. and Bertoni, G. P. 2009, The World of the
Cell. 7th edition. Pearson Benjamin Cummings Publishing, San Francisco.

1.5
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Discipline Specific Elective Botany
Bioinformatics
(Credits: Theory-4, Practicals-2)
- THEORY
Lectures: 60 . ’

Unit 1: Introduction to Bioinformatics (5 Lectures)
Introduction, Branches of Bioinformatics, Aim, Scope and Research areas of Bioinformatics.
Unit 2: Databases i Bioinformatics (5 Lectures)

Introduction, Biological Databases, Classification format of Biological Databases, Biological
Database Retrieval System.,

Unit 3 : Biological Sequence Databases (25 Lectures)
National Center for Biotechnology Information (NCBI): Toofs and Databases of NCBI,
Database Retrieval Tool, Sequence Submission to NCBI, Basic local alignment search tool
(BLAST), Nucleotide Database, Protein Database, Gene Expression Database.

EMBL Nucleotide Sequence Database (EMBL-Bank): Introduction, Sequence Retrieval,
Sequence Submission to EMBL, Sequence analysis tools.

DNA Data Bank of Japan (DDBIJ): Introduction, Resources at DDBJ, Data Submission at
DDBJ.

Protein Information Resource (PIR): About PIR, Resources of PIR, Databases of PIR, Data
Retrieval in PIR.

Swiss-Prot: Infroduction and Salient Features.

Unit 4: Sequence Alignments (10 Lectures)
Introduction, Concept of Alignment, Multiple Sequence Alignment (MSA), MSA by
CLUSTALW, Scoring Matrices, Percent Accepted Mutation (PAM), Blocks of Amino Acid
Substitution Matrix (BLOSUM). :
Unit 5: Molecular Phylogeny (8 Lectures)
Methods of Phylogeny, Software for Phylogenetic Analyses, Consistency of Molecular
Phylogenetic Prediction.

Unit 6: Applications of Bioinformatics : ' (7 Lectures)
Structural Bioinformaties in Drug Discovery, Quantitative strocturc-activity relationship
(QSAR) techniques in Drug Design, Microbiat genome applications, Crop improvement,

: Practical
|1, Nueleie acid and protein databases.

12. Sequence retrieval from databasoes.

13, Sequence alignment.

14, Sequence homology and Gene annotation.
I5. Construction of phylogenctic tree.
Suggested Readings

L. Ghosh Z. and Bibekanand M. (2008) Bioinformatics: Principles and Applications.
Oxlord University Press.

2. Peysner J. (2009) Bioinformatics and Functional Genomies. IT Edition. Wiley-
Blackwell.

3. Campbell A. M., Heyer L. J. (2006) Discovering Genomics, Prolcomics and
Bioinformatics, 11 Edition. Benjamin Cutnings.
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Discipline Specific Elective Botany
Econemic Botany and Biotechnology
{(Credits: Theory-4, Practicals-2)
THEORY
Lectures: 60
Unit 1: Origin of Cultivaied Plants {4 Lectures)
Concept of centres of origin, their importance with reference to Vavilov’s work
Unit 2: Cereals (4 Lecturcs)
Wheat -Origin, morphology, uses
U nit 3: Legumes {6 Lectures)
General account with speciai reference to Gram and soybean
U nit 4: Spices (6 Lectures)

General account with special reference to clove and blaclk pepper (Botanical name, family,
part used, morphology and uses)

U nit 5: Beverages (4 Lectures)
Tea (morphology, processing, uses) :

U rit 6: Oils and Fats : ‘ . ‘ (4 Lectures)
General description with special reference to groundaut

Unit 7: Fibre Yielding Plants (4 Lectures)

General description with special reference to Cotton (Botanical name, family, part

used, morphology and uses) '

Unit 8: Introduction to biotechnolopy (2 lecture)
U nit 9: Plant tissue culture (8 Lectures)
Micropropagation ; haploid production through androgenesis and gynogenests; bricf account
of embryo. & endosperm culture with their applications

Unit 10: Recombinant DNA Techniques (18 Lectures)
Blotting techniques: Northeen, Southern and Western Blolting, DNA Fingerprinting:
Molecular DNA markers i.c. RAPD, RFLP, SNPs; DNA sequencing, PCR and Reverse
Transeriptase-PCR, Hybridoma and monoclonal antibodies, ELISA and Immunodetection.
Molecular diagnosis of human discase, Human gene Therapy.

Practical

b Study of economically important plants : Wheat, Gram, Soybean, Black pepper,

Clove Tea, Cotton, Groundnut through specimens, sections and microchemical tests

2. Familiarization with basic equipments in tissue culture.

3. Study through photographs: Anther culture, somatic embryogenesis, endosperm and
embryo culture; micropropagation,

4. Study of molecular techniques: PCR, Blotling techniques, AGE and PAGE,

Suggested Readings
| Kochhar, S.L. 2011). Beonomic Botany in the Tropics; MacMiltan Publishers India
Lid., New Delhi. dnedition,

2. Bhojwani, 8.8, and Razdan, M.K., (1996), Plant Tissue Culture; Theory and

Practice. Elsevier Science Amsterdam, The Netherlands.

3. Glick, B.R., Pasternak, J.J. (2003). Molecutar Biotechnology- Prineiples and
Applications of recombinant DNA. ASM Press, Washington.
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Discipline Specific Elective Botany
Analytical Techniques in Plant Sciences
(Credits: Theory-4,-Practicals—_2) :
THEORY
Lectures: 60
Unit 1: Imaging and related techniques (15 Lectures)

Principles of microscopy; Light microscopy; Fluorescence microscopy; Confocal
microscopy; Use of fluorochromes: (a) Flow cytometry (FACS); (b) Applications of
fluorescence microscopy: Chromosome banding, FISH, chromosome painting; Transmission
and Scanning electron microscopy — sample preparation for electron microscopy,
cryofixation, negative staining, shadow casting, freeze fracture, freeze etching,

Unit 2: Cell fractionation (8 Lectures)
Centrifugation: Differential and density gradient centrifugation, sucrose density gradient,
CsCla gradient, analytical centrifugation, ultracentrifugation, marker enzymes.(

Unit 3: Radioisotopes

Use in biological research, auto-radiography, pulse chase experiment. (4 Lectures)
- Unit 4; Spectrophotometry '

Crinciple and its application in biological rescarch, (4 Lectures)

Unit 5: Chromatography ' (8 Lectures)

Principle; Paper chromatography; Column chromatography, TLC, GLC, HPLC, lonexchange
chromatography; Molecular sieve chromatography: Affinity chromatography.

Unit 6: Characterization of proteins and nucleic acids (6 Lectures)
Mass spectrometry; X-ray diffraction; X-ray crystallography; Characterization of proteins
and nucleic acids; Electrophoresis: AGE, PAGE, SDS-PAGE

Unit 7:Biostatistics (15 Lectures)
Statistics, data, population, samples, parameters; Representation of Data: Tabular, Graphical;
Measures of central tendency: Arithmetic mean, mode, median; Measures of dispersion:
Range, mean deviation, variation, standard deviation: Chi-square test for goodness of fit,

Practicals

I Study of Blotting techniques: Southern, Northern and Western, DNA fingerprinting,
DNA sequencing, PCR through photographs. '

. Demonstration of ELISA.

+ To scparate nitrogenous bascs by paper chromatography.

. To separate sugars by thin layer chromatography.

lsolation of chloroplasts by difterential centrilugation,

6. To separate chloroplast pigments by column chromatography.

7. To cstimate protein concentration through Lowry's methods.

8. To separale proteins using PAGE,

9. To scparate DNA (marker) using AGT,

10. Study of different microscopic fechniques using photographs/imicrographs {freeze
fracture, frecze etehing, negative staining, positive staining, fluorcsecence and FIST).
LE Preparation of permanent slides (double staining),

Sugpested Readings .

L. Plummer, DUT. (1996). An Tatraduction to Practical Biochemistry, Tatn MeGraw-
il Publishing Co. Uid. Now Delhi. 3 edition,

SRRV I

n
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2. Ruzin, 5.E. (1999). Plant Microtechnique and Microscopy, Oxford University
Press, New York. U.S.A.

3. Ausubel, F, Brent, R., Kingston, R. E., Moore, D.D., Seidman, 1.G., Smith, J.A.,
Struhl, K. (1995). Short Protocols in Molecular Biology. John Wiley & Sons. 3w
edition.

4. Zar, LH. (2012). Biostatistical Analysis. Pearson Publication. U.S.A. 4medition.
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Skill Enhancement Courses
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Skill Enhancement Course
Biofertilizers

(Credits 2)
Lectures: 30

Unit 1:General account about the microbes used as biofertilizer — Rhizobium — isolation,
identification, mass multiplication, carrier based inoculants, Actinorrhizal symbiosis.

(4 Lectures)
Unit 2: Azospirillum: isolation and mass multiplication — carrier based inoculant, associative
effect of different microorganisms. Azofobacter: classification, characteristios — crop
response o Azolobacter inoculum, maintenance and mass multiplication. (8 Lectures)

Unit 3:Cyanobacteria (blue green algae), Azolla and Anabaena azollae association, nitrogen
fixation, factors affecting growth, blue green algae and Azolla in rice cultivation.
: (4 Lectures)

Unit 4: Mycorrhizal association, types of mycorrhizal association, taxonomy, occurrence
and distribution, phosphorus nutrition, growth and yiceld — colonization of VAM — isolation
and inoculum production of VAM, and its influence on growth and yield of crop plants.

' (8 Lectures)
Unit 5:Organic farming — Green manuring and organic fertilizers, Recycling of biodegradable
municipal, agricultural and Industrial wastes — biocompost making methods,
types and method of vermicomposting — field Application. (6 Lectures)

Suggested Readings

I. Dubey, R.C., 2005 A Text book of Biotechnology S.Chand & Co, New Delhi.

2. Kumaresan, V. 2005, Biotechnology, Saras Publications, New Delhi.

3. John Jothi Prakash, E. 2004. Outlines of Plant Biotechnology. Emkay Publication, New
Delhi.

4. Sathe, T.V. 2004 Vermiculture and Organic Farming. Daya publishers.

5. Subha Rao, N.S. 2000, Soil Microbiology, Oxford & 1BH Publishers, New _Delhi,

6. Vayns,5.C, Vayas, 5. and Modi, H.A. 1998 Bio-fertilizers and organic arming Akta
Prakashan, Nadiad
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- Skill Enhancement Course
Medicinal Botany
(Credits 2)
Lectures: 30
Unit 1: History, Scope and Importance of Medicinal Plants. Indigenous Medicinal Sciences;
Definition and Scope-Ayurveda: History, origin, panchamahabhutas, saptadhatu and tridosha
concepts, Rasayana, plants used in ayurvedic treatments, Siddha: Origin of Siddha medicinal
systems, Basis of Siddha system, plants used in Siddha medicine. Unani: History, concept;
Umoor-e- tabiya, tumors treatments/ therapy, polyherbal formulations. (10 Lectures)
Unit 2: Conservation of endangered and endemic medicinal plants. Definition: endemic and
endangered medicinal plants, Red list criteria; In situ conservation: Biosphere reserves,
sacted groves, National Parks; Ex situ conservation: Botanic Gardens, Ethnomedicinal plant
Gardens. Propagation of Medicinal Plants: Objectives of the nursery, its classification,
important components of a nursery, sowing, pricking, use of green house for nursery '
production, propagation through cuttings, layering, grafting and budding. (10 Lectures)
Unit 3: Ethnobotany and Folk medicines. Definition; Ethnobotany in India: Methods to
study ethnobotany; Applications of Ethnobotany: National interacts, Palaco-ethnobotany.
folk medicines of ethnobotany, cthnomedicine, ethnoecology, ethnic communities of India.
Application of natural products to certain discases- Jaundice, cardiac, infertility, diabetics,
Blood pressure and skin diseases. (10 Lectures)
Suggested Readings ) ' -
| Trivedi P C, 2006, Medicinal Plants: Ethnobotanical Approach, Agrobios, India.
2. Purohit and Vyas, 2008. Medicinal Plant Cultivation: A Scientific Approach, Znd cdn.
_Agrobios, India. ' ’ ) '
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Skill Enhancement Course

Ethunobotany
(Credits 2}
Lectures: 30
Unit 1; Ethnobotany
Introduction, concept, scope and objectives; Ethnobotany as an interdisciplinary science.
The relevance of ethnobotany in the present context; Major and minor ethnic groups or
Tribals of Iridia, and their life styles. Plants used by the tribals: 2) Food plants b) intoxicants
and beverages ¢) Resins and oils and miscellaneous uses. (6 Lectures)
Unit 2: Methedology of Ethnobotanical studies
a) Field work by Herbarium ¢) Ancient Literature dy Archacological findings e) temples and
sacred places, (6 Lectures)
Unit 3: Role of ethnobotany in modern Medicine
Medico-cthnobotanical sources in India;Significance of the following plants in ethno
botanical practices (along with their habitat and morphology) a) Azadiraciha indica b)
Ocirmum sanctum c} Vitex negundo. d) Gloriosa superba e) Tribulus tervestris £y Pongamia
pinnata g) Cassia auriculota Wy Indigofera tincloria. Role of ethnobotany in modern
medicine with special example Rawvolfia sepentina, Trichopus ze ylamum
Artemisia, Withania.
Role of ethnic groups in conservation of plant genetic resources. Endangered taxa and forest
management (participatory forest management). (10 Lectures)
Unit 4: Ethnobotany and legal aspects
Ethnobotany as a tool to protect interests of ethnic groups. Sharing of wealth concept with
few examples from India. Biopiracy, Intellectual Property Rights and Traditional
Knowledge. (8 Lectures)
Suggested Readings '
Y S.K Jain, Manual of Bthnobotany, Scientific Publishers, Jodhpur, 1995,
2) 5.K. Jain (ed.) Glimpses of Indian, Ethnobotny, Oxford and 1 8 H, New Delbi -~ 1981
3) Lone et al,. Palacocthnobotany
4) S.K, Jain {ed.) 1989, Methods and approaches in ethnobotany. Society of ethnobotanists,
_Lucknow, India.
5) S.K. Jain, 1990. Contributions of Indian cthrobotny. Scientific publishers, Jodhpur.
6) Colton C.M. 1997, ]“lhnobotdﬂy — Principles and applications. John Wiley and sons —
_Chichester
7)I{4n1ul{o N and AN. Henry (1996). The Lithnobolany of Eastern Ghats in Andhra
Pradesh, Incin, Botanical Survey of India, Howrah. 8) Rajiv I, Sinha — Ethnobotany The
Renaissance of Traditional Herbal Medicine — INA ~SHREE Publishers, Jaipur-1996_9)
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INTELLECTUAL PROPERTY RIGHTS (IPR)

(Credits: 02)
Theory: 30 Lectures

In this era of liberalization and globalization, the perception about science and its practices
has undergone dramatic change. The importance of protecting the scientific discoveries,
with commercial potential or the intellectual property rights is being discussed at all levels —
statutory, administrative, and judicial. With India ratifying the WTO agreement, it has
become obligatory on its part to follow a minimum acceptable standard for protection and
enforcement of intellectual property rights. The purpose of this course is to apprise the .
students about the multifaceted dimensions of this issue.

Introduction to Intellectual Property:

Historical Perspective, Different Types of 1P, Importance of protecting [P.

Copyrights _

Introduction, How to obtain, Differences from Patents.

Trade Marks

Introduction, How to obtain, Different types of marks — Collective marks, certification
marks, service marks, Trade names, cte. '

Differences from Designs.

Patents

Historieal Perspective, Basic and associated right, WIPO, PCT system, Traditional
Knowledge, Patents and Healthcare — balancing promoting innovation with public health,
Software patents and their importance for India.

Geographical Indications

Definition, rules for registration, prevention of illegal exploitation, importance to India.
Industrial Degipns

Definition, How to obtain, features, Internationat design registration.

Layout design of integrated circuits

Cireuit Boards, Integrated Chips, Importance for cleetronic industry.

T'rade Scerets

Introduction and Historical Perspectives, Scope of Protection, Risks involved and legal
aspects of Trado Sceret Protection. '

Different International agreements

(1) Word Trade Organization (WTO):

(i) General Agreement on Tariffs & Trade (GATT), Trade

Related Intellectual Property Rights (TRIPS) agreement

(i1) General Agreement on Trade related Scrvices (GATS)

(iii) Madrid Protocol

(iv) Berne Convention

(v) Budapest T'reaty

(b) Paris Convention

WIPO and TRIPS, IPR and Plant Breeders Rights, IPR and Biodiversily

I In fringement issue and enforcement — Role of Judiciary, Role of law enforcement

agencies - Police, Customs cte, Leonomic Value of Intellectual Property - Intangible asscty
and (heir valuation, Intellectual Property in the {ndian Context -~ Various laws in Indja

28
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Licensing and technology transfer.

Reference Books:

¢ N.K. Acharya: Textbook on intellectua! property rights, Asia Law House (2001).

e Manjula Guru & M.8. Rao, Understanding Trips: Managing Knowledge in
Developing Countries, Sage Publications (2003).

e P. Ganguli, Intellectual Property Rights: Unleashing the Knowledge Economy, Tata
McGraw-Hill (20601). _

= Arthur Raphael Miller, Micheal H.Davis; Iniellectual Property: Patents, Trademarks
and Copyright in a Nutshell, West Group Publishers (2000).

 Jayashree Watal, fmtelleciual properiy rights in the WTC and developing couniries,
Oxford University Press, Oxford.
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under CRCS

DSE-Botany |
DSE- Zoolopy |
DSE-3 Chemistey 1
DSH-Botany 11
DSE- Zoology [
DSE-3 Chemistry 11
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Details of Courses

Core Courses —Botany

1. Blodzversrty {Microbes, Alﬂae Fungl and A10110U01113Lb)-
2. Plant Ecology and Taxonomy

3. Plant Anatomy and Embryology
4. Plant Physiology and Métab‘olism

Core Courses: Zoology

. Animal Diversity _ . .
. Comparative Anatomy and Developmental Biology.

. Physiology and Biochemistry

- Genetics and Evolutionary Biotogy

B T o

Core Courses-Chemistry _

1. Atomic Structure, Bonding, General Organic Chemistry & Aliphatic Hydrocarbons
2. Chemical Energelics, Equilibria & Functional Group Organic Chemistry-f -

3. Condyctance, Flectrochemistry & Functional Group Organic Chemistry-11

4. Chemistry of s- and p-block clements, States of matter and Chemical Kinetics

v

Discipline Specific Electives-Botany (Any two) l

I Eeonomie Botany and Biotechnology

2. Cell and Molccular Biclogy

3. Analytical Tect mlquu» in Plant Sciences
4. Bicinformatics

3.

i
r‘ Rescarch Methodology
6. Dissertation
A

Discipline Specilic Tlectives: {n(:loﬂy (Auy two)

t.Reproductive Biology

2. Wild Lile Conservation and Managenment
3. Biotechnology

4.Immunology

5.Applied Zoology

6, Dissertation

Discipline Specific Fleetives-Chemistry (Any two)
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L. Applications of Computers in Chemisiry

2. Analytical Methods in Chemistry
3.Molecular Modelling & Drug Design
4.Novel Inorganic Solids

5.Polymer Chemistry _

0.Research Methodology for Chemisiry
7.Green Chemistry

8.Industrial Chemicals & Environment
9.lnorganic Materiats of Industrial Importance
Fo Tnstrumentol Methods of Aualysis
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FL.Chemistry of d-block elements, Quantum Chemistry and Spectroscopy

12 Organometallics,  Bioinorganic chenistry,
Spectroscopy

I3 Molecules of Lile
14.Dissertation

Ability Enhancement Compulsory Courses

[.Environmental Scicnce
2.English/MIL Communication

Skill Enhancement Courses (Any four)

Botany

| Biofertilizers

2 Ferbal Technology

3.Nursery and Gardening

4. Flovicutture

3 Medicinal Bolany

O.Plant Diversity and Human Welfure
7. Lthnobotany

8. Mushroom Culture Technology
O.Intellectual Properly Right

Zoolopy

0. Pubtic Flealth and Hygiene
'L Aguariven Fish Keeping
2. Piscreuliure

L3 Poultry Farming

P Serculture

3. Apicultire
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Chemistry

16.IT Skilis for Chemists

17.Basic Analytical Chemistry
18.Chemical Technology & Society
19.Chemoinformatics '
20.Business Skills for Chemists

2 LIntellectuat Property Rights
22.Analytical Clinical Biochemistry
23.Green Methods in Chemistry

24 Pharmaceutical Chemistry
25.Chemistry of Cosmetics & Perfumes
26.Pesticide Chemistry

27.Fuel Chemistry

5
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Scheme of B.Sc. Programme (Life Sciences) B.Sc. Medical under CBCS

s

VBT

i Ability
Compulsory Course-1

v

Core course Botany |

Core Course Botany 1 Practical
Core course Zoology 1
Core Course Zaooloey | Practicn]

Core course Chemistry |
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EnhancementBEnglish

comiunications/

Cnvironmental

Science

Diodiversity

{(Microbes, Alp

Fungi and
Archegoniate)

Siodiversity-

Practical

Biodiversily-
Animals

Biodiversity-
Animals Lab

Atomic Struclure,

Bonding,
Orpanic
Chemistry
Aliphatic

Hydrocarbons

e,
Cieneral
&

"
L

2]
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Core Course Chemistry IAtomic Structure, 2
Practical Bonding, General
s Organic
' | Chemistry &
Aliphatic
Hydrocarbons

~Lab

2

I Ability Enhanecementlnglish

Compulsory Course-II communications/
Environmental
Scicnce

N

Core course Botany IT Plant Ecology and
Taxonomy

]

Core Course Botany -11 Practical  Plant Ecology and
; Taxonomy- ‘

Practical

Core course Zoology I1 Comparative 4
Anatomy and
Developmental
Biology

(&S]

Core Course Zoology 11 Practical Comparalive
Anatomy and
Developmental
Biology
Practical

Core course Chemistry 11 Chemical x 4
Energetics,
Lquilibria &
Functional — Group

Organic
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Chemistry-1
Core Course Chemistry 11 Chemical 2
Practical R Energetics,
Equilibria &
Functional ~ Group
Organic _
Chemistry-I -Lab
I Core course Botany 111 - Anatomy and 4
Embryology of
Angiosperms
Core Course Botany -11] Anatomy and 2
Practical 7 Embryology of
Anglosperms-
: Practical
Core course Zoology 111 Physiology and 4
Biochemistry -
Core ‘ Course  Zoolopy HPhysiolopy and 2
Practical , Hochemistry-
Practical
Core course Chemistry 111 Conductance, 4
Llectrochemistey &
Functional  Group
Organic Chemistry-
i :
Core Course  Chemistry iConductance, 2
Practical o Flectrochemistry &

Functional  Group
Orpanic Chemistry-
H-Lab
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Core course Bo fany 1V

IV

Core Course
Practical

Core course Zoolopy IV

Core Course

Practical

Core course Chemistry 1V
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SEC-I 2

Plant  Physiology 4
and Metabolism

Botany —1VPlani  Physiology 2
and Metabolism
Practical
Genelics aid 4
Evolutionary
Biology

Zoology IV (enetics and 2
Evolutionary

Biology Practical

Chemistry of s- 4

and n-biock
clements, States
ol maller and

Chemical Kinetics.

Core Course Chemistry IYChemistry of s-2

Practienl ' and p-block
clements, Staley
ol matter and
Chemical
Kincties-Lab

Skill Enhancement Course-11 SEC-11 2

A% Discipline  Specific EleetiveDSIE Botany | 4

Botany —I

Discipline Specilic Ilective 2

Botany I Practical

Discipline  Specific ElectiveDSE Zoolopy | 4
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Zoology 1

Discipline  Specific
Zoology I Practical

Discipline  Specific
Chemistry I
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Elective. 2 .

@

ElcetiveDSE Chemistry I 4

Discipline  Specific Ilective 2
Chemistry I Practical

Skill Enhancement Course -1{1 SEC-III 2

Discipline  Specific
Botany ~11

Discipline  Specific
Botany II Practical
Discipline  Speeifie
Zoology 1

Discipline Specific

Zoology 1T Praciical

Discipline  Specific
Chemistry 111

l)iscip!inc

ElectiveDSE Botany II 4

S

Elective
EleetiveDSE Zaology 11 4
Elective 2

FleeliveDSE Chemistey I 4

Specific lilective

Chemistry TH Practieal

Skill Enhancement Course =1V SHC-1v

4191
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BSc Program with Life Science

Core Papers Chemistry (Credits: 6 Each)
ATOMIC STRUCTURE, BONDING, GENERAL ORGANIC
(Credits: Theory-4, Practicals-2)

FHTORY Lectures: 60

Section Ar Inorganie Chentistry-1 (30 Ueriods)

Atomic Structure: Review of Bohr'y theory and its limitations, [ feisenbery Uncericing 'y
principle. :

Dual behaviour of matter and radiation, de-Broglie’s refation. Hydrogen atom spectra. Need ol o
new approach to Atomic structure. '

What is Quantum mechanics? Time independent Schrodinger  equation  and meaning  of

various terms in it. Significance of vy and \;;2, Schridinger equation for hydrogen alom. Radjal
and angular parts of the hydegenic wavelunctions (atomic orbitals) and their variations for

Is, 25, 2p, 3s, 3p and 3d orbilals (Only graphical representation). Radial and angular nodes
and their signiftcance. Radial distribution functions and the concept of the most probable
distance with special reference to s and 25 atomic orbilals, Significance of quantum
numbers, owbital anpular momentum and quantum numbers s/ and myg. Shapes of s, poand o
atomic orbitals, nodal planes. Discovery of spin, Spin quantum number (s) and magnciic spin
guantum ruinmber ().

Rufes for filling clectrons in various arbitals, Rlectronic conligurations of the aloms. Stability of
halt-filled and completely filled arbitals, concept of exchange cenergy, Relative encrgies of
atomic orbitalys, Anomalous electronic confipurations. '

(14 Lectures)

Chemical Bonding and Molecular Structure

fonic Bonding: General charactoristics of lonic bonding. Energy considerations in ionic
bonding, lattice energy and solvation eoeegy and their irnnorlance in the conioxt Gt stability and
solubtlity of fonric compounds, Statement of Born-Landé cquation for caleulation of lattice
caergy  (no  derivation), Born-Flaber cycle and ity applications, polarizing  power  and
polarizability. Fajan’s rules, fonic characler in covalent compounds, bond moment, dipole
momenl and pereentage ionic chuareter, :

Covalent bonding: VB Approach: Shapes of some morganic molecules and iony on the hagis of
VSEPR (120, NHy, PCly, SE,, CIFy, S and hybridization with suitable examples of lincar,
“aonat planar, square planar, tetrahedral, Lrigonal bipyramidal and octahedsal arrangements.
Ceneept of resonance and resonaling struciures in various morganic and organic compounds. MO
soproachs Rules for the LCAO method, bonding, and antibonding MOs and their
Lecrieristios for sy, wepund pop combinations of atomic orbitals, nonbonding combination
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of orbitals, MO treatment of homonuclear diatornic molecules of 1st and 2nd periods
(including idea of s-p mixing) and heteronuclear diatomic molecules such as CO, NO and
No* |

- (16 Lectures)

Section B: Organic Chemistry-1 (30 Lectures)
Fundamentals of Organie Chemistry

¢ Electronic D-isplacements: Inductive Effect, Electromeric  Effect, Resonance and
- Hyperconjugation. Cleavage of Bonds: Homolysis and Heterolysis.

Reaction intermediates: Carbocations, Carbantons and free radicals. Electrophiles and

nucteophiles

Aromaticity: Benzenoids and Hickel’s rule.

(8 Lectures)
Stereochemistry
Conformations with respect to cthane, bulane and cyelohexane. Interconversion of Wedge
Formula, Newmann, Sawhorse and [Fischer representations. Concept of chirality (upto two
cwrbon  atoms).  Configuration:  Geometrical  and  Optical  isomerism;  Enantiomeelsim,
Diastercomerism and Meso compounds). Threo and erythro; D and L; ¢is - trans romenclature;
CIP Rules: R/ 8 (for upto 2 chiral carbon atoms) and B/ Z Nomenclature (for upto two C=(
systems). '

(10 Lectures)

Aliphatic Hydrocarbons

Functionul group approach for the following reactions (preparalions physical property &

chemieal reactions) o be studied wilh mechanism in context to their structure.

Allanes: Preparation: Catadytic hydrogenation, Wurlz reaction, Kolbe's synthesis, Grignard
reagent. Reactiony: ree radical Substitution: Flalopenation.

Alkenes: Preparation: Blimination reactions: Dehydration of alcohols and dehydrohalogenation
ol alleyl halides (Saytzells rule); cis alkenes (Partial catalytic hydrogenation) and trany alkenes
(Birch reduetion), Reactions: cis-addition (alk, KMnO4) andtrans-addition (bromine),” Addition
of  HX (Murkowntkoly and anli-MarkownikolTs addition), [ydration,

Ozonolysis, oxymecuration-demercuration, Hydroboration-oxidation.

Alkymes:  Preparation: Acelylene  rom CaC2and coonverston into higher  alkynes; by
dehalogenation of  tetrn halides  and dehydrohalogenation of vicinal-dilalides.
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Reactions: formalion of metal acetylides and acidity of alkynes, addition of bromine and alkaline

KMnO4, ozonolysis and oxidation with hot alk. KMnQa. Hydration to form carbonyl compounds

{12 Lectures)

Reference Books:

). D. Lee: A new Concise Inorganic Chemistry, B 1. B.5.17

oI". A. Colton & G. Wilkinson: Basic Inorganic Chemistry, Tohn Wiley,

«Douglas, McDaniel and Alexader: Concepts and Modeis in Inorganic Chemisiry, John Wiley.
sJames B Huheey, Ellen Keiter and Richard  Keiter: Inorganic Chemistry: Principies of
Structure and Reactivity, Pearson Publication.

1. W. Graham Solomon: Organic Chemistry, John Wiley and Sons.

ePeter Sykes: A Guide Book to Mechanism in ( Jrganic Chemistry, Orient Longman, -

<l L. Blicl: Stereochemistry of Carbon Compounds, Tata MeGraw Jill.

el. L. Finar: Organic Chemistry (Vol. 1 & 1D, B. L. B. S.

*R.T. Morrison & R. N. Boyd: Organic Chemisiry, Prentice Hail,

»Arun Babl and B 8. Bahl: Advanced Organic Chemistry, S. Chand

» Atkins, Overton, Rourke, Weller, Armstrong, Shriver and Atkins Inorganic Chemistry, Oxford

CHEMISTRY LAB: ATOMICSTRUCT URE, BONDING, GENERAL
ORGANIC CHEMISTRY & ALIPHATIC HYD ROCARDBONS
6{} Lectures ' '

Scetion Ar Inorganic Chemistry - Volumetric Analysis

L Estimation ol sodivm curbonale and sodium hydrogen carbonale present ina mixture.

.

- Estimation of oxalic acid by titrating it wilh KMnQ,.

]

istimation of water of crystallization in Mohr's salt by Litrating with KMaO,.

,.

4. Estimation of Fe (L) ons by titrating it with I Ce 0y using internal indicator.

LA

istimation of Cu (11) ions iodometrically using Na,S,0,.

Section B: Organic Chemistry

| Purification of OC by crystallisation (from waler and alcohol} and distillation.
2. Criteria of purity: Delermination of Mpi/13pt

3.Detection of extra clements (N, 8, CL Be, 1) in organic compounds
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~4.Separation of mixtures by Chromatography: Measure the Rf value in each case {combination of
two compounds to be given}

(a)ldentify and separate the components of a given mixture of 2 amino acids (glycine, aspartic
acid, glutamic acid, tyrosine or any other amino acid) by paper chromatography '

(b)dentify and separate the sugars present in the given mixture by paper chromatography.

Reference Books: _

«Vogel’s Qualitative Inorganic Analysis, A.L Vogel, Prentice Hall, 7th Edition.
*Vogel’s Quantitative Chemical Analysis, AT Vogel, Prentice Hall, 6th Edition,

» Textbook of Practical Organic Chemistry, AL Vogel , Prentice Hall, 5th edition. _
*Practical Organic Chemistry, F. G. Mann. & B. C. Saunders, Orient Longman, 1960,
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L7

CHEMICAL ENERGETICS, EQUILIBRIA & FUNCTIONAL
ORGANIC CHEMISTRY I
(Credits: Theory-4, Practicals-2)

THREORY: Léciureé: 60

Section A: Plysical Cheansistey-T (30 Leetu ies)
Chentiest Kuergetics
Review ol thermodynamics and the Laws of Thermodynamics.

Important principles and definitions of thermochemistry. Concept of standard state and standard
cothalpies of formations, integral and differential enthaipics of solution and ditution. Caleulation of
bond energy, bond dissociation energy and resonance energy from thermochemicat data. Variation of
enthalpy of a reaction with temperature — Kirchhof's cquation,

Statement of Third Law of thermodynamics and caleulation of absolute entropies of substances.

(10 Lectures)

Chemical Eqguilibrium:

Free encrgy change in a chemical reaction. ‘Thermodynamic derivation of (he law of chemical
equelibrivum, Distinotion between Gand Go, Lo Chatelioes principle. Relationships belween &),
Keand Kefor reaclions involving idenl gases.

(8 Lectares)

Tonic Bquilibria:

Strong, moderate and weak clectrolytes, depree of ionization, faclors alfecting degree of jonization,
tonization constant and ionic product of water. lonization of weak acids and bases, pH scalc,
commen ion elfect, Salt hydrolysis-caleulution of hydrolysis constant, degree of hydrolysis and pti
for different salts. Buller solutions, Solubility and solubility product of spartngly soluble salts —
applications of solubility product principle.

(12 Liectures)
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Section B: Organic Chemistry-2 (30 Lectures)
Functional . group - approach for the following reactions (preparations physical  properties and
Chemical reactions) to be studied in context to their structure with mechanism.

Aromatic hydrocarbons

‘Preparation (benzene): from phenol, by decarboxylation, from acetylene, from: benzene sulphonic
acid.

Reactions:  (benzene):  Electrophilic  substitution  reactions: -, nitration,  halogenation
suiphonation. Friedel-Craft’s reaction (alkylation and acylation) Side chain oxidation of alkyl

" benzenes.

{8 Lectures)
Ai!{yl and Aryl Hali(lcs-,‘
Alkyl Halides .
Preparation: from alkenes and alcohols.

Reactions: Types of Nucleophilic Substitution (Snl, Sx2 and Swi) reactions, hydrolysis, nitrite &
nitre formation, nitrile & isonitrie fosmation. Witliamson's cther synthesis: Elimination vs
substitution,

Aryl Halides Preparation: (Chloro, bromo and iodo-benzenc case): [rom phenol, Sundmeyer &
Gattermann reactions,

Reactions (Chlorobenzene): Aromatic electraphilic and nucleophilic substitetion (replacement by -
Olgroup) and cficet of nitro substitvent. Benzyne Mechanism: KNFHa/NI for NaNF2/NH?).

Relative reactivity of alkyl, allyl, benzyl, vingl and aryl halides towards Nucleophitic substitution
reactions., .

(8 Lectures)
Alcohols, Phenols and Ethers )

Aleohwls: Preparation: Preparation of 1y, Zeand 3ealcohols: using Grignard  reagent, Ester
hydrolysis, Reduction of aldehydes, ketones, carhuxylic acid and esters.

Reactions: With sodium, HX (Foens test), esterification, oxidation (with PCC, alk. KMnOu, acidic
dichromalte, cone. TINO W, factors alTecting acidity, Oppeneater oxidation

fials: oxidation of diols, Pinacol-Pinacolone rearrangement.

Phenols: (Phenol  ease) HMreperation: Camene hydroperoxide method,  from diazonium

T

sults. Reactions: Blectrophilic substitation: Nitration, halogenation and  sufphonation.  Reiner-
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Tiemann Reaction, Gattermann-Koch Reaction, Houben—Hoesch Condensation, Schotten — Baumann
Reaction. acidity and factors affecting

Lthers (aliphatic and aromatic).
Preparation : Williamson ether synthesis.
Reactions: Cleavage of cthers with HI

Aldehydes and ketones (aliphatic and aromatic):
Preparation: from acid chlorides and fram nitriles.

Reactions — Nucleophilic addition, Nucleophilic addition — ¢limination reaction including Reaction
with HCN, RO, NaHSOi, NH-G derivatives. lTodoform test. Aldol Condensation, Cannizzaro's
reaction, Witlig reaction, Benzoin condensation. Clemensen reduction and  WollF Kishner
reduction. Meerwein-Pondorff Verley reduction.

(14 Lectures)

Reference Books:

oT. W. Graham Solomons: Organic Chemistry, John Wiley and Sons.

ePeter Sykes: A Guide Book to Mechanism in Organic Chemistry, Orient Longman,

ol.L. Finar: Organic Chemistry (Vol. | & 1), B. L. B. §.

*R. T. Morrison & R. N, Boyd: Organic Chenistry, Prentice Hall,

=Arun Bahl and B. S. Babl: Advanced Organic Chemistry, S. Chand.

*Ci. M. Barrow: Physical Ch'cfr.'f.s‘:.’r); Tata McGraw Hill (2007).

*G. W. Castellan: Physical Chemistry 4th Edn. Narosa (2004).

»). C. Kotz P. M. Treichel & 1. R, Townsend: General Chemistry Cengage Lening India Pyt Lid.,
New Delhi (2009),

. 1. Mahan: University Chemistry 3rd Ed. Narosa (1998).

R H. Petrueci: General Chemistry Sth Td. Maemillan Publishing Co.: New York (1985).

CHEMISTRY LAB: CHEMICAL ENERGETICS, EQUILIBRIA &
FUNCTIONAL ORGANIC CHEMISTRY

60 Lectures

Section A: Plpsical Chemistry

Thermochemistry

[.Determination of heat capacity of calorimeter for different volumes.
2.Determination of enthalpy of neutralization of hydrochloric acid with sodium hydroxide.
3.Determination of enthalpy of ionization of acetic acid.

4.Determination of integral enthalpy of solution of salts (KNO3, NH4CI).
5.Determination ol enthalpy of hydration of copper sulphale,

0. Study of the solubility of benzoic acid in water and determination of /1.

Tonic equilibriapl! measurements

a)Measurement of pH of different solutions like acrated deinks, fruit juices, shanmpoos and soaps (usc
dilute solutions ol soaps and shampoos (o preyent damage Lo the glass clectrade) using pll-meter.
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b)Preparation of buffer solutions:

(1)Sodium acetate-acetic acid

(i)Ammonium chloride-ammonium hydroxide

Measurement of the pH of buffer solutions and comparison of the values with theoretical values.

Section B: Organic Chemistry
L. Preparations: Mechanism of various reactions involved to be discussed. Recrystallisation,

" determination of melting point and calculation of quantitative vields to be done.
vy

{a)Bromination of Phenol/Aniline

. (b)Benzoylation of amines/phenols

(c)Oxime and 2,4 dinitrophenylhydrazone of aldchyde/sketone
2. Systematic Qualititive organic analyses of arganic compounds pessessing monofunctional groups (
Alcohals, Phenols, Carbonyl,- COOH) and preparation of one suitable derivative.

Reference Books:

*A.L Vogel: Textbook of Practical Organic Chemistry, 5th edition, Prentice-Hall,

+F. G Mann & 3. C. Saunders, Practical Organic Chemistry, Orient Losnigman (1960Y.
+13.0. Khosia, Senier Practical Physical Chemistry, R. Chand & Co.

SOLUTIONS, PHASE EQUILIBRIUM, CON DUCTANCE,
LLECTROCHEMISTRY & FUNCTIONAL GROUP
ORGANICCHEMISTRY-11 ’

(Credits: Theory-4, Practicals-2)

THEORY: Lectnres: 60

Scction A: Physical Chemistry-2 (30 Lectures)
Solutions

Thermodynamices ol ideal solutions: Ideal solutions and RaoulCs law, deviations from Raoul’s law —
non-ideal solutions. Vapour pressure-composition and  temperature- composition curves of ideal
and non-idegl solutions, Distillation of sofutions. Lever rule. Azcotropes.

Partial miseibility of liguids: Critical salation temperature: effect of impurity on partial miscibility of
liquids, Tmmiseibifity of liquids- Principle of steam distillation. Nermst distribution law and its
applications, salvent extraction.

Phase Equilibrinm
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Phases, components and degrees of freedom of a system, criteria of phase equilibrium. Gibbs Phase

Rule and its thermodynamic derivation. Derivation of Clausius — Clapeyron equation and its

importance in phase equilibria. Phase diagrams of one-componentsystems {water and sulphur) and
two component systems involving eutectics, congruent and inconpruent melting peints (lead-
sitver, FeCla-H20 and Na-K oniy).

Conductance
Conductivity, equivalent and molar conductivity and their variation with dilution for weak and strong
electrofytes. Kohlrausch law of independent migration ol jons.

Teansterence number and its experimental determination using Hittorf and Moving boundary

metheds. lonic moebility, Applications of conductance measurements: determination of degree of

tonization of weak electrolyte, sofubility and solubility products of sparingly soluble salts, ionic
product ol water, hydrolysis constant of a salt. Conductometric titrations {only acid-basc).
Electrochemistry

Revessible and ireeversible cells. Concept of EMF of a cell, Measurement of EMF of a cell. Nernst
equation and its importance. Types of electrodes. Standard clectrode potential. Electrochemical
series.  Thermodynamics  of © a reversible  cell,  calculation  of thermodynamic

propetties: G, Fand & from EMI data,

Caleulation ol equilibrium constant from EMP data, Concentration cells with transference and
without translerence. Liquid junction polentiaf and salt bridge.

pH determination using hydrogen clectrode and quinhydrone electrode.
Potentiometric litrations ~qualitative treatment (acid-buse and oxidation-reduction only).
Section B: Organic Chiemistrp-3 (30 Leetures)

Punotional group approach for the following reactions (preparations Physical Property & Chemicals
reactions) (o be studicd in context to their structure willy machanisn. '

Carboxylic ncids and their derivatives
Carboexylic acids (aliphatic and aromatic)
Preparation: Acidie and Alkaline hydrolysis of csters,

Reactions: Hell - Vohlard - Zelinsky Reuction, Acidily of curboxylic acid, elfeet of substitution on
acid strength.

Caurboxylic acid derivatives (aliphatic):
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Preparation: Acid chlorides, Anhydrides, Esters and Amides from acids and their interconversion
claisen condensation .
Reactions: Relative reactlvuycs of acid derivatives towards nucleophiles, Reformatsky Reaction,
Perkin condensation.

‘ ' : (o Lcctures)
Amines and Diazonium Salts '
Amines (Aliphatic and Aromatic):

Preparation: from alkyl halides, Gabricl’s Phthalimide synthesis, Hofmann Bromamide reaction.

Reactions: Hotmann vs. Saytze(t elimination, Carbylamine test, Hinsberg test, reaction with HNOz,
Schotten — Baumann Reaction. Electrophilic substitution (case anilinc): nitration, bro minaticn,
sulphonation basic character of amines. .

Diazonium salts: Preparation: from aromatic amines.
Reactions: conversion to benzene, phenol, dyes.

(6 Lectures)
Amino Acids, Peptides and Protcins:

Zwitterion, Isocleetrie point and Flectraphoresis

Preparation of dmino Acidy: Streeker synthesis using GabricPs phthalimide synthesis,

Reactions of Anino ncra’s estet of -COOH group, au,lyl'llmn of =NHz group, complexation with

Cuzr fons, ninhydrin test,
Overview of Primary, Secondary, Tectiary and Quaternary Structure of proteins.

Determination of Primary structure of Peptides by degradation Bdimann dqjmd'nmn (N- terminal)
and C—terminad (thivhydantoin and with carboxypeptidase cnzyme). Synthesis of simple peptides
(upto dipeptides) by N-protection (-butyloxycarbonyf and phthaloyl) & C- aclivating groups and
Merrifield solid-phase synthesis,

(10 Lectures)

Carbohydrates: Classification, and General Propertics, Glucose and Fructose (open chain and cycelic
structure), Determination ol configuration of monosaccharides, absolute configuration of Glucose
and  Fructose, Mutarotation, ascending and  descending in - monosaccharides, . Structure of

disacharrides (sucrose, celiobiose, maltose, factose) and polysacharrides (stuech and cellulose)

cxcluding their struclure clucidation.
{8 Lectures)

Reference b{mz’xs
=G ML Barrow: Physical Clicemisiry Tatn MeGraw Hill (2007,
«G. W Casteltan: Plipsical Chemistry Ath Lid. Narosa (2004,
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«J. C. Kotz, P. M. Treichel, J. R. Townsend, General Chemisiry, Ccngagé Learning India Pvt. Ltd.-
New Delhi (2009). _

#B. H. Mahan: University Chemistry, 3rd Bdn. Narosa (1998}

«R. H. Petrucel, General Chemistry, 5th Edn., Macmillan Publishing Co.: New York (1985).
eMorrison, R. T. & Boyd, R. N. Organic Chemistry, Dorling Kindersley (India) Pve, Ltd. (Pearson
Education). '
sUCinar, 1L L. Orgenic Chemistry (Volume 1), Dorfing Kindersley (India) Pvt. Ltd. (Pearson
Education}.

sFinar, 1. L. Organic Chemistry (Volume 2}, Dorling Kindersley (India) Pyt Led. (Pearson
Education),

eNelson, Do L. & Cox, M. M. Lehninger’s Principles of Biochemistry 7m K, W, H. Freeman,

=iserg, J M., Tymoczko, J. L. & Stryer, L. Biochemistry 7w Ed., W, H. Freeman

CHEMISTRY LAB: SOLUTION S, PHASE EQUILIBRIUM,
CONDUCTANCE, ELECTROCHEMISTRY & BIOMOLECU LES
60 Lectures

Section A: Plpsical Chemistry

Disiribition

Study of the equilibrium of one of the following reactions by the distribution method:

B2(aq) + Laq) B-(aq)
Cuzeaq) T xNH{aq) [Cu(NH ]2+
Phase equilibria

a)Construction of the phase diagram of » binary sys‘[cm {simple cuteelic) using cooling curves,
bYDetermination of the critical solution (emperature and composition of the phenol water system and
study of the eftect of impuritics on it,

e)Study of (he variation of mutual solubility temperature with concentration for the phenol water
system and deternination of the critical solubility temperature.

Conductance

LDetermination of cell constant

H.Determination of equivalent conductance, degree of dissociation and dissocialion constant of a
weal peid, ' :

[H.Perform the following conductometric titrations:

LStrong acid vs, strong base

. Weak acid vs. strong base

Potentiometry

Perform he following polentiometric titrations:
LStrong seid vs. strong base
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ii.Weak acid vs. strong base
{ii.Potassium dichromate vs. Mohr's salt

. Section B: Organic Chemistry

2

I Systematic Qualitative Organic Analysis of Organic Compounds possessing monofunctional
groups (amide, nitro, amines, Hydrocorbans, Halo Hydrocorbans) and preparation of one derivative.

Tl

1. Determination of the concentration of glycine solution by formylation method
2. Action of salivary amiylase on starch ‘
3. Differentiation between a reducing and nonreducing sugar

Reference Books:

*A.L Vogel: Textbook of Practical Organic Chemistry, Prentice Hall, 5th Edn.

*F, G. Mann & B. C. Saunders: Practical Organic Chemistry, Orient Longman, 1960,
=112, Khosla: Senior Practical Physical Chemistry, R. Chand & Co.

»Abluwalia, V.IC & Aggarwal, R Compreficnsive Practical Organic Chemiistry,
Universities Press.

CHEMISTRY OF S- AND P-BLOCK ELEMENTS, STATLS OF
MATTER & CHEMICAL KINETICS

(Credits: Theory-4, Practicals-2)

THEORY: Lectures: 60

General Principles of Metallurgy

Chief modes of occurrence of metals based on standard clectrode potentials, impham
diagrams lor reduction of metal oxides using carbon as reducing agent.

Hydrometallurgy with reference (o cyanide process for silver and gold, Methods of purification
ol metals (A, b, TG, Fe, Cu, Ni, Zn): electrolytic, oxidative refining, van Arkel-de Bocr
process and Moad’s process.

(4 Lectares)
s- and p-Block Blements
Periodicity in s~ and p-block clements with respeet (0 clectronic configuration, atomic and

ionic size, lonization enthalpy, clectronepalivity (Pauling, Mulliken, and  Allied-Rochow
seales). Allotropy in C, 8., and .
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Oxidation states with reference to elements in unusual and rare oxidation states like carbides and
nitrides), inert pair effect, diagonal relationship and anomalous behaviour of first member
of each group.

Compounds of s- and p-Block Elements
Diborane and concept of multicentre bonding

Structure, bonding and their important properties like oxidation/reduction, acidie/basic nature of
the following compounds and their applications in industiial and environmental chemistry.

Hydrides of nitrogen (NFL;, Ny H,, N3H, NH,OH) Oxoacids of P, S and CLL
Hafides and oxohalides: PCl,, PClg, SOCl, and SO,CL,

(26 Lectures)

Section B: Physical Chemistry-3 (30 Lectures)
Kinetic Theory of Gases
Postulates of Kincelic Theory of Gases and derivation of the Kinctic gas equation,

Deviation of real gases {rom ideal behaviour, compressibility factor, causes of deviation. van der
2

Waals equation of state for real gases. Boyle temperature {derivation not required). Critical

phenomena, critical constants and their caleutation from van der Waals equation. Andrews isotherms

of COa.

Maxwell Boltzmann distribution faws of molecular velosities and molecular energies (geaphic
representation — derivation not required) and their importance,

Temperature dependence of these distributions. Most probable, average and rool mean square
velocitics (no derivation). Coflision eross seclion, collision number, collision [requency, collision
diameter and mean free path of molecules. Viscosity of gases and offeet of temporature and Pressure
oncoelficient of viscosity (qualitative treatment only),

Liquids

surtace tension and its determination using stalagmometer. Viscosity of a liquid and determination of
coclticient of viscosity using Ostwald viscomefer, Lffeet of (emperature on surface tension and
coefficient of viscosity o a liquid (qualitative treatment only)

Solids ' '

Forms o (solids. Symmetry elements, unit cells, crystal systems, Bravais lattice Lypes and
identilication of lattice plancs, Laws of Crysiallography - Law of constancy of interfacial angles,

Law of rational indices. Miller indices. X--Ray diltraction by crystals, Bragp’s law. Structures of
NaCl, KCTand CsCl (quatitative trentient only). Defects in erystals. Glasses and liquid crystals,
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Chemical Kinetics

The concepé of reaction rates. Effect of temperature, pressure, catalyst and other factors on reaction
rates. Order and molecularity of a reaction. Derivation of integrated rate equations for zero, first and
second order reactions (both for equal and unequal €oncentrations of reactants). Half~tife of a
reaction. General methods for determination of order of a reaction. Concept of activation energy and

its calculation from Arthenius equation.

. Theories of Reaction Rates: Collision theory and Activated Complex theory of bimoiecular reactions.
Comparison of the two theories (qualitative treatment only).

Reference Books: » :

*G. M. Barrow: Physical Chemisiry Tata McGraw Hill (2007).

*G. W. Castellan: Physical Chemistry 4th Edn. Narosa {2604). :

+J. C. Kotz, P. M. Treichel & I. R. Townsend: General Chemistry Cengage Lening India Pyvt. Lid.,
New Delhi (2009).

*B. H. Mahan: University Chemistry 3rd Ed. Narosa (1998}

*R. L Petrucei: General Chemistry 5th Ed. Maemillan Publishing Co.: New York (1983),

»}. D Lee: A New Concise Inorganic Chemistry, B.1L.3.S. -

*ILAL Cotton & G. Wilkinson: Basic Inorganic Chemistry, John Wiley.

*D. F. Shriver and P. W. Atkins: fnorpanic Chiemisiry, Oxlord University Press,

sCary Wullsberg: Inorgunic Chemisiry, Viva Books Pve. Lid. ‘

* Miessler, G, L. & Donald, A. Tarr. norganic Chemistry 3% Ed. (aclapted), Pearson, 2009 [SBN
978-81-31718858, - .

CHEMISTRY LAB: CHEMISTRY OF s- AND p-BLOCK ELEMENTS,
CSTATES OF MATTER & CHEMICAL KINETICS

60 Lectures

Section A: Tnorganic Chemistry

Semi-micro qualitative analysis of mixtures using Hs$ or any other scheme- not more than four

ionic species ((wo anions and two cations and excluding insoluble salts) out of the following:
+ 24 kE 2 3k it 2t 2 2t 2 2 3k 21 1
Cations : NFy , Pb 13 iCu e "AlL L Co NI ,Mn ,7n ,Ba ,Sr ,Ca . K
- 2~ - - - - - 3

: - - 2 I8 EE
Aaions : COy , 8, 803 , NO3 , CH3COO , CI* Br, [, NOs 504, POq , BO3 ,C0, 7
(Spot tests should be carricd out wherever [easible)
Section B: Physical Chemistry

DSurface tension measurement (use of orpanic solvents exciuded).
) 24

a)Determination of the surface tension of a tquid or a dilute solution using » stalagmometer.
0)Study of the variation of surface tension of a detergent solution with conecntration.

(IDViscosity measurement (use of organic solvents excluded).
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a)Determination of the relative and absolute viscosity of a liquid or dilute solution using an
Ustwald’s viscometer. '
b)Study of the variation of viscosity of an agueous solution with concentration of solute.

(I11) Clhemical Kinotios

Study the kinetics of the following reactions.

[ Initiak rate method: Todide-persulphate reaction
ZAntegrated rate method:

aAcid hydrolysis of methyl acetate with hydrochloric acid.
b.Sapoaification of ethyl acetate.

o.Compaie the strengths of HCand H2SO4 by studying kinetics of hydrolysis of methy} acetate
Reference Books:
«Al Vogel, Qualitative Inorganic Analysis, Prentice Hall, 7th Edn.

«A 1. Vogel, Quantitative Chesmical Analysis, Prentice Flall, 6th Edn.
e[3.D. Khosta, Senior Practical Physical Chemistry, R, Chand & Co.
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Discipline Specific Tlective Papers; Credits 6
each (DSE 1 DSE 2) Chemistry of d-block Elements,

Quantum Chem:stry & Spectroqcopy 1S compa!so:y Ch"ose any One

more

CHEMISTRY

“APPLICATIONS OF COM PUTERS IN CHEMISTRY

(Credits: Theory-04, Practicals-02)

Theory: 60 Lectures

Basic Computer system (in brieD-Iardware and Software: I pul devices, Storaie '
devices, Output devices, Ceniral Processing Unit (Control [mst and Arithmetic Logic
Unit); Number system (Binary, Octal and Tlexadecimal Operating System); Compuler
Codes (BCD and ASC CiD; Numerie/String constants and variables, Operating Systems
(DOS, WINDOWS, and Linux); Soltware languapes: Low level and High Level
fanguages (Machine language, Assembly languape; QBASIC, FORTRAN and Ctt);
Software Products  (Office, chemsketeh, scilab, matlab, hyperchem, cle.), infernct -

application. (5 Lecture)

Use of Programming Language for solving problems in Chemistry
Computer Programming, | anguape- QBASIC, (for solving some of the basic and in furn
complicaled chemistry problems), QB4 version of QBASIC cun be used.

Programming L'umlmﬂc—()I}/\.\'!C; Commands: INPUT  and  PRINT
Commands; GOTO, I, ELSEN, PHEN and END [ Commuands; PO and NIXT
Commands; Library If Lzm,lmn\( ABS, ASC, CHRS, XD INT, LOG, RND, SOR,
TAD and trigonometric Functions), DIM, RE AD, DATA, RE '\/I RESTORIE, DUF
FNR, GOSUB, RETURN, SCRIMN, VIEW, WINDOW, LINE, CIRCLI.
LOCATE, PSET Commands,

Simple programs using above mentioned commands.
QBASIC programs for Chemistry problems - ixample: plotting van der Waal

Isotherms (Simple Problem, available in gener; al text books) and observe whether

van clu Waal gas cquation is valid o (meuatmu lower than eritical temperature
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where we require to solve a cubic equation and calculation of area under the
curves (Complicated Problem, not available in general text books).

Solution of quadratic equation, polynomial equations (formula, iteration and
Newton — Raphson metliods, binary bisection and Repula Falsi); Numerical
differential, Numerical integration (Trapezoidal rule), Simultaneous cquations,
Matrix addition and multiplication, Statistical analysis.

(40 Lecture)

Use of Software Products
Computer Software like Scilab, Excel, ete (o solve some of lhe plotting or caleulation
problems.

Basic idea of Molecular Modelling using software like chemsketeh, arguslab and
Accelerys JDraw  ele for peometry optimization and poteatial energy surface (local and
plobal minima) ; (15 lecture)

Practical: 60 Periods

[C]

O T O

Computer programs using QBASIC based on numerienl methods

Roots of equations: (e.g. volume of gas using van der Waals equation and comparison
with ideal gas, pH of a weak acid).

Numerical differentiation (¢.g., change in pressure for small change in volume of a van

der Waals gas, potentiomelric titrations).

Numerical integration (c.g. eotropy/ cinthalpy change from heal capacily data).
Probability distributions (pas kinclic (heory) and mean values.

Matrix operations.

Graphic programs related (o Chemistry problems. e van der Waals isotherm,
Compressibilty versus pressure curves, Maxwell distribution curves, coneentration-time
graph, pIl melrie liteation curve, conductomelric litration curves, Lambert Beer’s law
graph, s, p, d orbilal shapes, radial distribution curves, clc,

Use of Soltware Products
1. Computer Soltware like Scilab and Excel, cle for data handling and manipulation,

2. Simple exercises using molecular visualization sollware like Chemsketeh, Arguslab
and - Accelerys IDraw, geomelry optimization and polentinl energy  surfuce of
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molecules like carbon d10x1de, water, ethane, cyclohexane and benzene (focal and
global minima) |

Reference Books:

* McQuarrie, D. A. Mathém’atics for Physical Chemistry University Science Books {2008).
* Mortimer, R. Mathematics for Plhysical Chemistry. 3rd Ed. Elsevier (2005).

* Steiner, E. The Chemicz I Maths Book Cxford University Press (19%)

. Yates, P. Chemical Caicuhtionb Znd Ed. CRC Press (2007).

- Harris, D. C. Quantitative Chemical Analysis. 6th Ed," Freeman (2007) Chaptess 3-5.

- Levie, R, de, How to use Excel inanalytical chemistry and in general scicalific data analysis,
Cambridpe Univ. Press (2001) 487 pages.

- Noggle, J. H. Physical Chemistry on a Microcomputer. Little Brown & Co. (1985),

|
* Venit, S.M. Programming in BASIC: Problem solving with structure and style. Jaico
Publishing Fouse: Delhi (1996).

ANALYTICAL METHODS IN CHEMISTRY (Credits: Theory-04,
Practicals-02)

Theory: 60 Lectures

CQualitative and quantitative aspects of analysis:

Sampling, evaluation ol analytical data, errors, accuraey and precision, methods of their
cxpression, normal law of distribution of indelerminate errors, statistical test of data; 1), () and
(est, rejection ol data, and conlidence intervals. : '

Optical methods of analysis:(5 Lectures)

Origin of speetra, interaction of radiation with matter, fundamental faws of spectroscopy and
selection rules, validity of Beer-Lamberts law.

UV-Visible  Spectromerry:  Basic  principles  of  instrumentation (choice  of  source,

~muonochromator and detector) for single and double beam instrumen(;

Basic principles of quantitative apalysis: estimation of metal jons (rom aqueous solution,
peometrteal isomers, keto-cnod {fnutomers.
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Flame Aromic Absorption and Emission Spectrometry. Basic principles of instrumentation
{choice of source, monochromator, detector, choice of flame and Burner designs. Techniques of
atomization and samplé imroduction; Method of background correction, sources of chemicaf
interferences and their method of removal. Techniques for the quantitative cstimation of trace
level of metal ions from water samples.

(25 Lectures)

‘Thérmal methods of analysis:
Theory of thermogravimetry (1(), basic principle of instrumentation. Techniques for quantitative
estimation of Ca and My from their misture,

(5 Lectures)

Electroanalytical wiethods:

Classification of electroanalytical methods, basic principie of pH metric, potentiometric and
conductometric - titrations, Techniques used for (he determination of equivalence points,
- Techniques used for the determination ol pKy values,

4

(10 Leetures) .

Separation feehniques:

Solvenl extraction: Classification, principle and ciiciency of the technique. Mochanism of
cxtraction: extraction by solvation and chelation.

Technique of extraction: batch, conlinuous and counter currend extrnelions.

Qualitative and guantitative aspects o solvent extraction: extraction of metal jons [rom
aqueous solution, extraction of arpanic species [tom (he aqueous and non-aqueous mediq.

‘Chramatopraphy: Classitication, principle and elficiency of the technique. Mechanism of
sepuaration: adsorption, partition & ion exchange. Development of chromatogeams: frontal,
clution and displacement methods,

(5 Lectures)

Reference Boolks:

. Vogel, Atthue 1D A Text book of Quantitative Inorganic Analpsis (Rev. hy €111
Jeffery and others) 5 th el "The English Lan guage Book Socicty of Longman .

. Witlard, Hoburt 11, o al. Instrumental Methods of Analysis, 7”1 el Wardsworth
Publishing Company, Belmont, California, USA, 1988,

- Christian, Gary D Analytical Chemistry, o' el John W ey & Sons, New Y ork,
2004,

- Flarris, Daniel O Lixploring Chemical Analysis, Iid, New York, Wit Freeman, 2001,

- Khopkur, S.M. Bayic Coneepts of Analytical Chemistry, New Ape, Internations!
Publisher, 2009,

. Skoop, DA, Holler P and Nicon, TA Principies of Instriunenial Anterlysiy,,
Thomson Asin Pvi. i, Stnpupore, 199§, : o

- Mikes, O, and Chatmers, ROA. Hd, Laboratory Hand Book of Chromatagraphic: apel
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Allied Methods, Elles Horwood Ltd. London.
. Dilts, R.V. Analytical Chemistry — Methods of separation Van Nostrand 1974.

PRACTICALS-DSE LAB: ANALYTICAL MET HODS IN CHEMISTRY
60 Lectures

[. Separation Techniques
Chromatography:
(a) Separation of mixtures
S Paner eheoie SR T _ TE gk
(1) Paper chromatographic separation of Co™" and Ni*'.

(i) Separation and identification of ke amino acids present in the given  mixture by
paper chiromatography. Reporting the Ry values.

[1. Solvent Extractions:
26 2 -
- (1) To separate & mixture of NIt & Fe o by complexation with DMG and extracting the Ni© -
PMG complex in chloroform, and determine its concentration by spectrophotometry.

Annlysis of soil:

(1) Determination of pHl ol soik

(it} Total solubie salt

(iip Estimation ol caleiim, magnesinm

(v} Qualitalive delection ol niteale, phosplate
lon exchanpe:

(1) Determination of exchange capacity of cation exchange resing and anion exchinge resing.
“ (1) Separation of amino acids from organic acids by fon exchange chromatography.

HE Spectrophotometry

Verification of Lamberl-Beer™ Taw and delermination of concenteation of a coloured SpLeis
(CuSOy,, KMnOy)

Relerence Boaks:
- Vogel, Avthue 1A Text book of Ouarditative horyanic Auelpsis (Rev, by G
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Jeffery and others) 5t Ed. The English Lanpuage Book Society of Longman .

Willard, Hobart H. et al.- Instrumenial Methods of Analysis, 7"% Ld. Wardsworth
Publishing Company, Belmont, California, USA, 1988,

Christian, Gary D; Ancalytical Chemistry, ém fd. John Wiley & Sons, New York,
2004,

Harris, Daniel C; Kxploring Chemical Analysis. Bd. New York, W.H. Freeman, 2001
Khopkar, S M. Basic Concepts of Analytical Chemisiry. New Age, International
Publisher, 2009, ‘

Skoog, DAL Holler 1 and Nicoan, 1AL Principles of Insirumiental Analysiy,
Thomson Asia Pyt Lid. Singapore, 1998,

Mikes, O. & Chalmers, R.A. Laboratory Flund Book of Chromatographic & Afiied
Methods, Llies Horwood Lid. London.

Dilts, R.V. Analytical Chentisiry — Methods of separation Van Nostrand 1974

MOLECULAR MODELLING & DR UG DESIGN
(Credits: Theory-04, Practicals-02)

Theory: 60 Lectures '
Introduction (o Molecular Maodelling: 7
Introduction. Usely! Coneepts in Molecular Madelling: Coordinate Systems. Patential Energy

Surfaces. Molceular Ciraphics. Surfaces. Computer Hardware and Seflware. The Molecular
Modellhing Literature,

(10 Lectures)

Foree Fields: :
Ficlds. Bond $tretghing, Angle Bending. Introduction to nonbonded inleractions. Blectrostatic
interactions. van der Waals lnteractions. Hydrogen bonding in Molceular Mechanics, Foree Fiefd

Madels for the Simulation of Liquid Water,

(14 Lectures)

LLnergy Minimization and Computer Simulation:

Mintmization and reladed methods for exploting the enerpy surfice. Non-derivalive method, Figst
and second order minimization methods, Compuler simulation methods, Simple thermodynamic
propertics and Phase Space, Boundarics. Analyzing the results of a simulation and cslimating

Motecular Dynamics & Monte Carlo Sinvulation;

(12 Lectures)

Molecular Dynamics Simulation Methods, Moleeular Dynamics using simple models. Molecular
Dyynamies with continuous potentials. Meleeular Dynamics o constant temperature and progsure,
Metropolis method. Monte Carlo simulation of molecules. Models used in Monte Carlo
simulations of polymers,

(12 fecturey)
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Structure Prediction and Drug Design:
Structure prediction - Introduction to comparative Modeling. Sequence aligiiment. Constructing
and evaluating a comparative model. Predicting protein structures by "Threading’, Molecular
docking. Structute based de novo ligand design, Drug Discovery — Chemoinformatics — QSAR. -
46 '
(12 Leetures)
Reference Books: ‘ |
- * AR Leach, Molecular Modelling Principles and Application, Longman, 2001,
= M. Haile, Molecular Dynamics Simulation Elementary Methods, Joln Wi ley and
Sons, 1997, '
» Satya Prakash Gupte, QSAR and Molceular Modeling, Springer - Anamaya
Publishers, 2008,

PRACTICAL- DSE LAB: MOLECULAR MODELLING & DRUG DESIGN

60 Lectures

I. Compare the oplimized C-C bond lengths in cthane, cthenc, cthyne and benzene. Visualize the
malecular orbitals of the cthane o bonds and cthene, cthyne, benzene and pyridine  bonds.

il (a) Perform o conformational analysis of bulane. (b} Determine the enthalpy of iscmerization
ol ¢is and trany 2-butene. |

i Visualivze the clectron density and electrostatic potential maps for LM, HE, N2, NO and CO
and comment. Relate to the dipole moments. Animale the vibrations of these moleeules,

tv. () Relate (he eharge on the hydrogen atom in hydrogen halides with their acid charmeter. {h)
Compare the basicitics of the nitrogen atoms in ammonia, methylaming, dimethylamnine and

trimethylamine, ,

v. (@) Compare the shapes of the molecules: -butanol, 2-butanol, 2-methyl-1-proparol, and 2-

methyl-2-propanol. Note the dipole moment of cach moleeule, (b) Show how the shapes alfect

the trend in boiting poinls: (118 °C, 100 °C, 108 °C, 82 °(, respectively).

vi. Build and minimize organic compounds of your choice containing the following functionat

groups. Note the dipole mament ol cach compound: (1) alkyl halide (b) aldehyde (o) ketone ()

amine (o) cther (1) nitrile () thiol (h) earboxylic acid (1) ester (§) amide.

vil. (a) Defermine the heat of hydeation of ethylene. (b) Compute (he resonance enerpy of

benzene by comparison of its enthalpy ol hydrogenation with that of eyclohexene.

vili. Armange -hexene, 2-methyi-2-peniene, ()-3-methyl-2-pentence, (Z)-3-mcthyi-2-pentene,
and 2,3-dimethyl-2-butene in arder of tercasing stability.

ix. (a) Compare the optimized bond angles 1120, 1128, 1128, (b) Compare the HAH bond angles

for the second row dihydrides and compare with the results from qualitative MG theory. :
Note: Soltware: ChemSkeleh, ArgusLab  (www planaria-soflwarc.com), TINKER 6,2
T(dasherwustledu/ITe), WebLab Viewer, Hyperchem, orany similar soflware.

Reference Bookyi
» AR Teach, Molecular Modelling Principles and Appiication, Longman, 2001,
s LML Haile, Molcealar Dynamics Simulation Blementary Methods, Joha Wilcy and
Sony, 1097,

-« Satya Peakash Guapta, OSAR and Molecular Modeling, Springer - Anamaya Publishers,

2008,
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NOVEL INORGANIC SOLIDS
(Credits: Theory-04, Practics is-02)

Theory: 60 Lectures
synthesis and modification of tnorpanic solids:

Conventional heat and beat mcthods, Co-precipitation method, Sol-gel wethods, Hydrothermal
methed, fon-exchange and hiterealation methods.

(10 Lectares)

Inorganic solids of technological importance:
Solid clectrolytes ~ Cationic, anionic, mixed Inorganic pigments - coloured solids, white and
black pigments. :

Onc-dimensional metals, molecular magnels, inorganic liquid crystals.
(16 Lectures)

Nanomaterials:

Overview of nanostructures and nanomaterials: classification,

Preparation of pold and silver metallic nanoparticles, sell-assembled nanostructures-control of
nanoarchiteclure-one dimensional conlrol. Carbon nanotubes and morganic nanowires. Bio-
Inorganic nﬁnun‘]e‘lic;'ials, DNA and nanomaterials, natural and antisical nanomaterials, bionano
composites.

(L0 Leetures)

Infroduction to engineering materials for mechanical construction:
Composition, mechanical and labricating characteristics and applications of various (ypes of
cast rons, plain carbon and alloy stecls, copper, aluminum and their alloys like durnlumin,
brasses and  bronves culling toot materials, super atloys  thermoplustics,  (hermosels and
compasite malerials, _
(10 Lectures)
Composite materials:
[ntroduction, limitations of conventional engineering materials, role of malrix in COMpOostes,
classification, muatrix materials, reinforcements,  metal-nudrix composites, polymer-mafrix
composiles, [thre-reinforced composites, environmental clfeets on composites, applications of
composiles,

(10 Lectures)

speciality polymoers:

Conducting polymers - Intoduction, conduction mechanism, polyucelylene, polypuraphenylene
und polypyrole, applications of conducting polymers, lon-cxchange resing and their applications.
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Ceramic & Refractory: Introduction, classification, properties, raw materials, manufacturing and
applications,
{10 Lectures)
Reference Books: _
« Atkins, Peter, Overton, Tina, Rourke, Jonathan, Weller, Mark and Armstrong, Fraser

Shriver & Atkins’ Inorganic Chemistry, 5[}I Fdition, Oxford University Press 2011-

2012

= Adam, D.M. Jnorganic Solids: An introduction lo concepts in solid-state structural
chemistry, John Wiley and Scns, London, New York, Sydney, Toronto, 1974

« Poole Jr, Charles P., Owens, Frank I., Jatroduction to Nanotechnology John Wiley and
Sons, 2003.

CHEMISTRY PRACTICAL - DSE LADB: NOVEL INORGANIC SOLIDS
, 60 Lectures :

bl e

Determination of cation exchange method

Delermination of total difference of solids.

Synthesis of hydrogel by co-precipitation method.
4. Synthesis of sifver and gold metal nanoparticles.

+

Reference Boole: ‘ \
= Fablman, B, Marerials Chemistry, Springer, 2007

POLYMIER CHEMISTRY

(Credits: Theory-06, Practicals-02)

Theory: 60 Lectures

Introduction and history of polymeric materials:

Dilferent schemes of classification of polymers, Polymer nomenclature, Maolecular forces and

chemical bonding o polymiers, Texture of Polymers, : _
' (4 Lectures)

Irunctionality and s importance:

Criteria for syothetic polymer  formation,  classification of  polymerization  processes,
Relationships between functionalily, extent of reaction and  degree ol polymerizalion.
Bifunctional syslems, Poly-functional systems,

h (8 Lectares)
Kinetics of Polymerization:
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Mechanism and kinetics of step growth, radical chain growth, fonic chain (both cationie and
anionic) and coordination polymerizations, Mechanism and kinetics of copolymerization
palymerization techniques.

e

(8 lectures)
Crystallization and crysiallinity:

Determination of erystalline melting point and degree of erystallinity, Morphology of crystailine 7

polymers, Factors affecling erystalline melting point.
(4 Lectures)
Nature and structure of polymers-Siructure Property relationships.
_ (2 Lectures)
Betermination of melecular weight of polymers (Mn, Mw, cte} by ead group analysis,
viscometry, fight scattering and osmotic pressure methods. Molecular weight distribution and its
significance. Polydispersity index. ‘
{(§ Lectures)
Glass transition temperature (Tg) and defermination of Tg, Free volume theory, WLF
equation, Factors aflecting glass transition temperature (Tg).
_ {8 Lectures)
Polymer Solution — Crileria for polymer solubility, Solubility parameter, Thermodynamics of
polymer solulions, entropy, enthalpy, and (ree encrgy change of mixing of polymers solutions,
Flory- Huggins theory, Lower and Upper eritical solution femperatures.
' (8 Lectures)
Propertics of Polymers (Physical, thermal, Flow & Mechanical Propertics).
Brief tntroduction Lo preparation, structure, properties and application of the following polymers:
polyolefing, polystyrene and styrene copolymers, poly(vinyl chloride) and related polymers,
poly(vinyl acetate} and related polymers, acrylic polymers, fluoro polymers, polyamides and
relaled polymers. Phenol formaldebyde resing (Bakelite, Novalac), polyurcthanes, silicons
polymers, polydienes,
Polycarbonates, Conducting Polymers, [polyacetylene, polyanitine, poly(p-phenylene sulphide
polypyrrole, polythiophenc)|.
(10 Lectures)
Reference Books:
= Seymonr's Polymer Chemistry, Marcel Dekker, Tae.
= G, Odian: Principles of Polymerization, John Wilcy,

= EW.Bilimeyer: Text Book of Polymer Science, John Wilcy.
= I Ghosh: Polymer Scicnce & Technology, Tata Megraw-Hill.
&

R.W. Lenz: Organic Chemistry of Synthetic High Polymers,

CHEMISTRY PRACTICAL - DSE LAB: POLYMIR CHEMISTRY

60 Lectures

Polymer synthesis

I. Free radical solution polymerization of styrene (50 / Methyl Methaerylate (MMA)Y / Methyl
Acrylate (MA) / Acrylic acid (AA),

a, Purtlication of monomer

b. Polymerization using benzoyl peroxide (BPO) /2.2 -uzo-bis-tsobulylonitrile (ATIIN)

2. Prepuration of nylon 66/6

Lodnterfacial polymerization, preparation ol polyester frony isophthaloyl chlocide (1PC)
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and phenolphthalein

a. Preparation of IPC

b. Purification of IPC

c. Interfacial polymerization

3. Redox polymerization of acrylamide

4. Precipitation polymerization of acrylonitrile

5. Preparation of urea-formaldehyde resin

6. Preparations of novalac resin/resold resin.

1. Microscale Emulsion Polymerization of Poly(methylacrylate).

Polymer characterization '

1. Determination of molecular weight by viscometry:

(a) Polyacrylamide-aq.NaNO2 solution

(b) (Poly vinyl proplylidine (PVP) in watcr

2. Determination of the viscosity-average molecular weight of poly(vinyl alcohol) (PVOH) and
the fraction of “head-to-head” monomer linkages in the polymer. :

3. Determination of molecular weight by cad group analysis: Polycthylene glycol (PEG) (OH
group).

4. Testing of mechanical properties of polymers. ‘

5. Determination of hydroxyl number of a polymer using colorimetric method.

Polynier analysis

[. Bstimation of the amount of HCHO in the given solution by sodium sulphile mellod
2. Instrumentat Technigues

3. IR studies of polymers

4. DSC analysis of polymers -

tn

- Preparation of polyacrylamide and its clectrophoresis
“at feast 7 experiments o be carried out.

Reference Booky:

*  Malcohm P Stevens, Polymer Chemistry: An Introduction. 3rd . _

= Harey RO Allcock, Frederick W. Latmpe and Lames L Mark, Contemporary Polymer
Chemistey, 3rd ed. Prentice-11all (2003) '

» Pred WoBillmeyer, Textbook of Polynier seienee, 3rd ed. Wiley-Interscience (1984)

= Jocl R Fried, Polymer Science and Technology, 2nd ed. Prentice-ITall (2003)

= Petr Munk and Tejeaj M. Aminabhavi, Introduction to Macromolecular Scicnee, 2nd
ed. John Wiley & Sons (2002)

*  LoUL Sperting, Introduction 1o Physical Polymer Scicnee, 4th ed. John Wiley & Sons
(2005)

* Maleolm P, Stevens, Polymer Chemistry: An Introduction, 3rd cd. Oxlord Untversity
Press (2005)

«  Seymouwr/ Carraher’s Polymer Chemistry, 9th ed. by Charles 13, Carraher, Jr. (2013).
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RESEARCH METHODOLOGY FOR CHEMISTRY
(Credits: Theory-05, Tutorials-01)

Theory: 75 Lectures
Literature Survey:
Print: Sources of information: Primary, secondary, tertiary sources; Journals: Journal
abbreviations, abstracts, current titles, reviews, monographs, dictionaries, text-books, current
contents, Introduction to Chemical Abstracls and Beilstein, Subject Index, Substance Index,
Author Index, Formula Index, ahd other Indices with examples,
Digital: Web resources, E-journals, Journal access, TOC alerts, [Hot articles, Citation index,
Impact factor, H-index, E—consorﬁun1,{J(]CfinfbnoL E-books, Internet discussion groups and
communitics, Blogs, Preprint servers, Search engines, Scirus, Google Scholar, Chemlndustry,
VVHG-[knabaﬁm,CHunnSphhw,Sdencc[)HchScHWndm;Scopua
Information Technolopy and Library Resources: The Internet and World Wide Web. Internet
1ﬁsourccs{brchenﬂsuy.Fhuﬁngauk1chhu;pubﬁshedinﬁn1naﬁon.
: (20 Lectures)

Methods of Scientific Research and Writing Scientific Papers: : '
Reporting practical and project work. Writing literature surveys and reviews. Organizing a poster
display. Giving an oral presentation, Writing scientific papers — justification for scientific
conlributions, bibliography, description of methods, conclusions, the need for illustration, style,
publications of scientific work. Writing ethies. Avoiding plagiarism.
: = (20 Lectures)
Chemical Safety and Ethical Handling of Chemieals:
Sale working procedure and prolective environment, protective apparel, emergency procedure
and first aid, laboratory venlilation, Safe storage and use of hazardous chemicals, procedure for
waorking with substances that pose hazards, flammable or cxplosive hazards, procedures for
working with gnscsfw;nussurcsnbunm:orluﬂoufHUnosphuﬁc-—&udb:ﬂorugcznujcHsposuiofvvmﬂc
chcnxkxds,Jtcovcry,ltcycﬁng and reuse of laboratory chemicals, procedure for laboratory
Lﬁsposnl(H‘uxpkwﬂvus,idcnﬂﬁcuﬁan,vcrﬂicuﬁoniuu1scgrcguﬁon ol laboratory waste, disposal
of chemicals in the sanifary sewer syslem, incineration and ransportation of hazardous
chemicals.

(12 Lectures)
Data Analysis
The Investigative  Approach: Making and Recording Measurements. ST Units and their
use.Scienlific method and design of experiments.
Analysis and Presentation of Data: Descriptive statistics. Choosing and using slatistical tests.
Chemometrics. Analysis of variance (ANOVA), Correlation and regression, Curve [itting, litting
ol lincar cquations, simple lincar cases, weighled linear case, analysis of residuals, General
polynomial fitting, lincarizing transformations, exponential function fit, r and its abuse. Basic
aspeets of multiple lincar repression analysis,

(13 Lecetures)
Electironics
Basic fundamentals of clectronic cireuils and (heir components used in circuits of common
instruments  like speetrophotomelers,  Lypical  circuils volving operational ampliliers for
cleclrochemical struments. Blementary aspects ol digilal clectronics.
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(10 Lectures)

Reference Books:

Dean, J. R., Jones, A. M., Holmes, D., Reed, R., Weyers, J. & Jones, A. (2011)
Practical skills in chemistry. 2nd Bd. Prentice-Hall, Harlow.

- Hibbert, D. B. & Goodifg, J. . (2006) Data analysis _for chemistry. Oxford

University Press. o _
Topping, 1. (1984) Errors of observation and their treatment. Fourth Ed., Chapman
Hall, London. '

Harris, D. C. Quantitative chemical analysis. 6th Ed., Freeman (2007) Chapters 3-5.
Levie, R. de, How to use Excel in analytical chemistry and in general scientific data
analysis. Cambridge Univ. Press (2001) 487 pages.

Chemical safety matters — [IUPAC — JPCS, Cambridge University Press, 1992.

OSU safety manual 1.01. :

'GREEN CHEMISTRY (Credits: Theory-0d, Practicals-02)

Theory: 60 Lectures

Introduction to Green Chemistry

What is Green Chemistry? Need for Green Chemistry. Goals of Green Chemistry. Limilations/
Obstacles in the puesuit of the goals of Gireen Chemistry

(4 Lectures)

Principles of Green Chemistry and Designing a Chemical synthesis

Twelve principles of Green Chemistry with their explanations and spectal emphasis on
the tollowing with examples: |

Desipning a Green Synthesis using (hese principles; Prevention of Waste/ byproducts:
maximum incorporation of the materials used in the process into the final products
Atom Economy, caleulation of atom cconomy  of the reatrangement,  addition,
substitution and elimination reactions. v

Prevention/ minimization of hazardous/ toxic products reducing toxicity

risk = (function) hazard x exposure ; waste or pollution prevention hicrarchy

Green solvents— super critical {luids, waler as a solvent for arganic reactions, ionic
licquids, fluorous biphasic solvent, PEG, solventless processes, immobilized solvents and
how to compare greenness of solvents

Lnergy requirements for reactions — allernative sources of energy:  usce of micrownsves
and ultrasenic enerpy

Selection of starting materials; avoidance of unnecessary derivatization — carelul use of
blocking/protecting groups;

use ol entalytic reagents (wherever possible) in preference o stoichiometric reagenls;
calulysis and green chemistry, comparison of heterogencous and homogencous calalysis,
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bio catalysis, asymmetric catalysis and photo catalysis.

Prevention of chemical accidents designing greener processes, intherent safer design,
principle of ISD “What you don’t have cannot harm you”, greener alternative fo Bhopal
Gas Tragedy (safer route (o carbaryly and Flixiborough  accident (safer route to
cyclohexanol) subdivision of ISD, minimization, simplification, substitution, moderation
and limitation. o ‘

Strengthening/ development of anatytical techniques (o prevent and minimize the
generation of hazardous substances i chemical processes.

(30 Licetures)

fixamples of Green Synthesis/ Reactions and some real world cases

L.

2.

LA

N o

9.

Green  Synthesis of {he following  compounds: adipic  acid, catechel, disodium
iminodiacetate (allernative to Strecker synthesi s)

Microwave assisted reactions in water: Hofmann Elimination, methyl benzoate to -

benzoic acid, oxidation of ioluene and alcohols; microwave assisted reactions in organic
solvents Diels-Alder reaction god Decarboxylation reaction '

Ultrasound- assisted reactions: sonochemical Simmons-Smith Reaction (Ultrasonic
alterpative to lodine) -

Surfactants for Carbon Dioxide — teplacing smog producing and ozone depleting solvents
with CO, for precision cleaning and dry cleuning of garments,

Designing of Bnvironmentally safle marine antifoulant.

Rightfit pigment; synthetic'azopigments o replace toxic organic and irorganic¢ pigments.
An efficient, preen synthesis of a compostable and widcly applicable plastic (poly lactic
actd) made from corn,

Heabthier Fats and oil by Green Chemistry: Bezymalic [nter esterilicalion for production
of no Trans-Fats and Oilg

Devetopment of Fully Reeyelable Carpet: Cradle to Cradle Carpeling

(L6 Lectures)

Future Trends in Green Chemistry

. Oxidation reagents and catalysts; Biomimetic, multifunctional reagents; Combinatorial green
chemistry; Proliferation of solventicss reactions: co crystal controlled solid siate synthesis
(CTESJ); Green chemistry in sustainable development,

(10 Lecture)

Reference Books:
= Ahltuwalia, VI and Kidwai, MR New Trends in Green Chemistry, Anamalaya Publishers,

2005

« Anastas, P and Warner, J K. ¢ Wxford Green Chemistry -1 Neory and Practical, Universil y
Press, 1098 '
» Matlack, ALS. Iutroduction 1o Greew Chemistry, Marcel Dek ker, 2001
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= Cann, M.C. and Connely, M.E. Real-World Cases in Green Chemistry, American
Chemical-
Society, Washington, 2000
= Ryan, M.A. and Tinnesand, M., Introduction to. Green Chemistry, American Chemical
sSociety : ¢
- Washington, 2002 _ , .
» Lancaster, Mike, Green Chemisiry an Infroductory Text 2™ Ed., RSC Publishing,. ISBN: 978-
1-84755-873-2

CHEMISTRY PRACTICAL, - DSE LAB: GREEN CHEMISTRY

60 Lectures

1. Safer st.a rting materials

Preparation and characterization of nano particles of gold using (ca feaves.

L Using renewable resources

Preparation and characterization of biodicsel from vegetable oil/ waste cooking oil
3. Avoiding waste

Principle of atom cconomy.

Use of molecular madel kit to stimulate the reaction to mvestigate how the atom CLONOMY can

tHustrate Green Chemistry.

Preparation of propene by two methods can be studied

(D Triethylamine fon + OH — propene + (rimethylpropene + water
[1SO4/H,0
(It} l-propanol -~ propene + water

The other types of reactions, like addition, ¢limination, substitution and rearrangement should
also be studied for the caleulation of atom ceconomy.

4. Use of enzymes as catalysts

Benzoin condensation using Thiamine ] ddrochloride as o catalyst instead of cvanide
g Y
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Alternative Groeen solvents

6. Extraction of D-limonene from orange peel using liquid CO, prepaced [rom dry ice.

7. Mechanochemical solvent frec synthesis of azomethines

Alternative sources of energy
. Solvent free, microwave assisted one pot synthesis of phthalocyanine complex of copper (IT),
9. Photoreduction of benzophenone 1o benzopinacol in the presence off sunfight.

Reference Books:

* Anastas, P.T and Warner, J.C. Green Chemistry: T, heory and Practice, Oxford Untversity
Press, 1998

© Kirchoff, M. and Ryan, M.A. Greener  approaches 1o wndergraduate chemistry
experiment. American Chemical Society, Washington DC, 2002

* Ryan, MA. lntroduction 1o Green Chemistry, Tinnesand; (Bd), American Chemical
Society, Wa‘_as.hing_ton DC, 2002 _

© Sharma, RK ; Sidhwani, 1T, and Chaudhari, M.K. Green Chemistyy Fxperimenty: A

monograph, 1K, International Publishing House Pyt Ltd. New Delhi; Bangalore ISBN
978-93-8) 141-55-7, 2013 '

+ Cann, M.C. and Connelly, M. . Real world cases in Green Chemistry, American
- Chemical Society, 2008

* Cann, M. C. and Thomas, ' Real world cages in Green Chemistry, American Chemical
sociely, 2008

“ Lancaster, Mike Green Chemistry: An introductory text; 2 1d R§e publishing, ISBN
978-1-84755-873-2

" Pavia, DL, Kriz, G.8., Lampman, G.M, and Engels, R.G, niroduction to Orgunic
Laboratory Techriques - a Microseale Approach 4ih Tid., Brooks-Cole Laboratory Series
for Organic Chemisiry, 2006

——— e e e e e Sttt

INDUSTRIAL CHEMICALS AND EN VIRONMENT
(Credits: Theory-04, Practicals-02)

Theory: 60 Lectures

Industrial Gases and Inorganic Chemiealy

Industrial Geases: Larpre scale production, uses, storage and hazards in handling of the following
pases: oxygen, nitrogen, argon, neon, helium, hydrogen, acetylene, carbon monoxide, chlormne,
Nuorine, sulphur dioxide and phosgene, -

Inorganic Chemicals; Manufacture, application, analysis and havards in handling the Tollowing
chemicals: hydrochloric actd, nitric acid, sulphuric acid, eaustic soda, common salt, borax,
bleaching  powder, sodium thiosulphale, hydrapen peroxide, potash alum, chrome alum,
putassium dichromale and polassiunm permanganate,

4222



E.C. (3)-28.02.2017/07.03.2017
Appendix-XCIlII

(10 Lectures)
Industrial Mctallurgy
Preparation of metals (ferrous and nonferrous) and ultrapure metals for semlconductor
technology. :

(4 Lectures) *
Environment and its segments
Ecosystems. Biogeochemical cycles of carbon, mtrogen and sulphur An Pollution: Major
regions of atmosphere. Chemical and photochemical reactions in atmosphere. Air pollutants:
types, sources, particle size and chemical nature; Photochemical smog: its constituents and
photochemistry. Environmental effects of ozone, Major sources of air pollution. Pollution by
SO2, CO2, CO, NOx, H2S and other foul smclimg gases. Methods of estimation of CO, NOx,
SOx and comroi ploced ures. Effects of air pollution on living organisms and vegetation.
Greenhouse elfect and Global warming, Ozone depletion by oxides of nitrogen,
chlorofluorocarbons and Halogens, removal of sulphur from coal. Contro! of particulates.

Water Pollution: Hydrological cycle, water resources, aquatic ccosystems, Sources and nature of
water pollutants, Techniques for measuring water pollution, Impacts of water pollution on
hydrological and ccosystems. Water purification mcthods. Effluent treatment plants (primary,
secondary and tertiary treatment). Tndustrial efMuents {rom the following industrics and their
treatment: clectroplating, textile, tannery, dairy, petroleum and petrochemicals, agro, fertilizer,
cte. ‘
Sludge disposal. Industrial waste management, incineration of waste. Water {reatment and
purification (reverse osmosis, clectro dialysis, on exchange). Water quullly parameters for waste
water, industrial water and domestic water.
{30 Lectures)
Enerpgy & Environment
Sources of enerpy: Coal, petrol and natural gas. Nuclewr Fusion / Fission, Solar encrpy,
Hydropen, peothermal, Tidal and Fydel, ele,
Nuclear Pollution: Disposal of nuclear wasle, nuclear disaster and its management.
(10 Lectures)
Biocatalysis
ntroduction to biocatalysis: Impartance in “Green Chemistry” and Chemical Industey.
(6 Lectlures)
Reference Books:
o [ Stoceht: Industricd Chemistry, Vol-1, 1ilis Torwood Ltd, UK.
= R.M. Pelder, RW. Rousscau: Flementary Principles of Chemical Processes Wl!uy
Publishers, Nn,w Delhi.
s LU AL Kent: Riegel’s Handbook of Industrial Chemistry, CBS Publishers, New Delhi.
»  S.5.Darde A Texthook of Engineering Chenistry, S. Chand & Company 1td, New
Delhi,
o K. De, Environmental Chemistry: New Ape International Pyt Ttd, New Delhi.
« S, M. Khopkar, Znvirommental Pollution Analysis: Wiley Bastern 1td, New Dethi
o 515 Manahan, Enviroomental Chemistry, CRC Press (2003).
= GUTL Miller, Bovirommental Science | Tth edition. B3rooks/ Cole (2006).
A. Mishra, Fovironmental Studies. Selective and Scientific Books, New Dolhi (2005
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CHEMISTRY PRACTICAL - DSE LAB: INDUSTRIAL CHEMICALS &
ENVIRONMENT
00 Lectures

L. Determination of dissoived oxygen in water,
- Determination of Chemical Oxygen Demand (COD)
- Determination of Biological Oxygen Demand (BOD)
Percentage of available chlorine in bleaching powder,
- Measurement of chloride, suiphate and solinity of waler samples by simple titration method
AgNOy and potassium chromate).
6. Estimation of total alkalinity of waler samples (COy 2', HCO; ™) using double titration method.,
7. Measurement of dissolved CO2.
8. Study of some of the common bio-indicators of pollution.
9. Estimation of SPM in air samples.
10. Preparation of borax/ boric acid.
Reference Books:

= [1, Stocehi: fudfusirial Chemistry, Vol-1, Ellis Horwood Lid. UK.

=« ROM. Telder, ROW. Rousseau: Ulementary Principles of Chemical | rocesses, Wiley

Publishers, New Delhi. .
o JUAKents Riegel’s Handbook of ndustrial Chemistry, CBBS Publishers, New Delhi.
= 5. 8. Dara: A Textbook of Engincering Chemistry, S. Chand & Com pany Ltd, New
Delhi,
° I De, Environmental Chepiisiry: New Age International Pvt., Lid, New Delhi.
* 5. M. Khopkar, Znvirommental Poilution Analysis: Wiley Iastern Lid, New Delhi.

/"\CJ‘L-I}L:«J[\.)

INORGANIC MATERIALS OF INDUSTRIAL IMPORTANCE
(Credits: Theory-04, Practicals-02)

Theory: 60 Lectures
(Compulsory elective)

Sitieate Industrics

Glass: Glassy state and  itg propetties, classification (silicate and non-silicate glasses),
Manulacture and processing of glass, Composition and properties of the following types ol
plasses: Soda lime glass, lead glass, armoured glass, safety pluss, borosilicate  plasy
Nuorositicale, coloured glass, photosensitive glass.

7

Ceramics: Bricl introduction to types ol ceramics. Superconducting and scmiconducting oxides,
fullerenes, carbon nanotubes and carbon iihre.

Cements: Manufacture of cement wid (he selting process, quick sclling cements.
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(16 Lectures)

Fertilizers: _

Different types of fertilizers (N, P and K). Manufacture of the following fertilizers: Urea,

ammonium nitrate, calcium ammonium nitrate, ammonium phosphates, superphosphate of lime.
(8 Lectures)

Surface Coatings: ‘

Brief introduction to and classification of surface coatings. Paints and pigments - formulation,
composition and related properties. Fillers, Thinners, Enamels, emulsifying agents. Special
paints (Heat retardant, Fire retardant, Eco-ltiendly paint, Plastic paint), Dyes, Wax polishing,
Water and Ol paints, Metallic coatings (electrolytic .and electroless), metal spraying and
anodizing. : ‘ :
(4 Lectures)

Batteries:

Working of the following batteries: Pb acid, Li-Battery, Solid state eleclrolyte battery, Tucl
cells, Solar cell and polymer celt. ‘
‘ (10 Lectures)

Catalysis:

General principles and propertics of catalysts, homogenous catalysis (catalytic steps and
cxamples) and heterogenous catalysis (catalytic steps and examples) and their industrial
applications, Deactivation or regeneration of catalysts.

Application of zeolites as eatalysts.
(6 Lectures)

Chemienl explosives;
Origin ol explosive propertics in organic compowds, preparation and explosive propertics of
lead azide, PETN, cyclonite (RDX). Introduction to rocket propellants.

(0 Lectures)
Reference Books:

- Stocehi, B, fndustrial Chemisiry, Vol 1, Ellis Horwood Lid. UK, 1990

. Fetder, R. M. and Rousscau, RW,, Elementary Principles of Chemical Processes, Wilcy
Publishers, New Delhi, 2005.

- Kingery, W. D, Bowen H. K, and Uhimann, D. R iniroduciion to Ceramics, Wilcy

o Publishers, New Delhi, 1976,
- Keat, I. A (ed) Riegel's Handbook of Indusirial Chemistry, Y " fied, CBRS Publishers, New
Delhi, 1997

. Jain, P Coand Jain, M. Enginecring Chemistry, Dhanpat Rai & Sons, Delhi 2005

. Gopalan, R., Venkappayya, D, and Naparajan, 8. Enginecring Chemisiry, Vikas
Publications, New Delhi, 2004, _

. Sharma, B, KL Knginceering Chemistry, Goel Publishing fHouse, Mecrut, 2006
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PRACTICALS-DSE LAB: INORGANIC MATERIALS OF INDUSTRIAL IMPORTANCE
60 Lectures ‘

. Determination of free acidity in ammonium sulphaic fertilizer.

- Estimation of Calcium in Calcium ammonium nitrate fertilizer,

. Estimation of phosphoric acid in superphosphate fertilizer.

- Blectroless metallic coatings on ceramic and plastic material
- Betermination of composition of dolomite {by complexomeiric liration).
-Analysis o (Cu, Niy; (Cu, Zn ) inailoy or synthetic samples.

- Analysis of Cement.

- Preparation of pigment (zine oxide).

L, R I S N

= < B BN

l{cf‘erence Books:
° Stoechi, E., Industrial Chemistry, Vol 1, Ellis Horwood Lid. UK, 1990

- Felder, R. M. and Rousseau, R.W., Elementary Principles of Chemical Processes, Wiley
Publishers, New Dethi, 2005. ,
- Kingery, W. D., Bowen H. K. and Uhlmann, D. B. Introduction to Ceramics, Wiley

Publishers, New Delhi, 1976,
- Kent, I. A, {ed) Riegel's Handbook of Industrial Chemistry, " Ed., CBS P ublishers, New
Delhi, 1997 ‘

- Jain, P, C, and Jain, M. Engineering Chemistry, Dhanpat Rai & Sons, Delhi.

- - Gopalan, R., Venkappuyya, D. and Nagarajan, S. Kngineering Chemistry, Vikas
Publications, New Delhi, 2004,

- Sharma, B. I Engineering Chemistry, Gocel Publishing House, Meerut, 2006

INSTRUMENTAL METHODS OF CHEMICAL ANALYSIS
(Credits: Theory-04, Practicals-02)

Theory: 60 Lectures
Introduction to spectroscopic methods of analysis:
Reeap of the speetroscopic methods covered in detail in the core chemistry syllabus: I'reatment
of analytical dala, including crror analysis. Classification of analytical methods and the types of
instrumental methods. Consideration of eleclromagnetic tadiation.

: (4 Leetures)
Molecular spectroscopy:
Infrared spectroscopy:
Interactions will molecules: absorpiion and seallering. Means of excitution (light sources),
separalion of spectrum (wavelenglh dispersion, lime resolution), detecticn of the signal (heat,
differentinl detection), interpretation of spectium (qualitative, mixtures, rosolution), advantapes
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of Fourier Transform (FTIR). Samples and results expected. Applications: Issues of quality
assurance and quality control, Special problems for portable instrumentation and rapid detection.
UV-Visible/ Near IR — emission, absorption, fluorescence and photoaccoustic. Excitation sources
(lasers, time resolution), wavelength dispersion (gratings, prisms, interference filters, laser,
placement of sample relative to dispersion, resofution), Detection of signal (photocells,
photomultipliers, diode arrays, sensitivity and S/N), Single and Double Beam instruments,
Interpretation (quantification, mixtures, absorption vs. fluorescence and the use of time,
photoaccoustic, fluorescent tags). '
. (16 Lectures)
Separation techniques

Chromatography: Gas chromatography, liquid chromatography, supercritical fluids, Importance
of columa technology (packing, capillaries), Separation based on increasing number of factors
{volatility, solubility, interactions with stationary phase, size, electrical field), Detection: simple
vs. specific (gas and liquid), Detection as a means of further analysis (use of tags and coupling to
IR and MR), Electrophoresis (plates and capillary) and use with DNA analysis.

mmunoassays and DNA techniques .

Mass spectroscopy: Making the gascous molecule into an ion (electron impact, chemical
ionization), Making liquids and solids into ions (electrospray, electrical discharge, laser
desorption, fast atom bombardment), Separation of ions on basis of mass (o charge ratio,
Magnetic, Time of flight, Blectric quadrupole. Resolution, (ime and mulliple scparations,
Deteetion and interprelation (how this is linked to excitation).

(16 Lectures)

[Elemental analysis:

Mass spectrometry (clectrical discharges).

Atomie spectroscopy: Alomic absorption, Atomic emission, and Atomie Quorescence. Lixcitalion
and petting sample into gas phase (flames, clectrical discharges, plasmas), Wavelength
separation and  resolution  (dependence on technique),  Detection of  radiation
(simultancous/scanning, signal noisc), Interpretation (crrors due 1o molecular and tonic specics
matrix cffeets, other interferences).

B

(8 Lectures)
NMR spectroscopy: Principle, lustrumentation, Factors affecling chemieal shift, Spincouplin
Applications.

L
=b]

(4 Lectures)
Ileetroanalytical Methods: Potentiometry & Voltamnelry
' (4 Lectures)
Radiochemical Methods
(4 Lectures)
X-ray analysis and electron spectroscopy (surlace analysis)
(4 Lectures)
Reference books:
»  Principles of Instrumental Analysis - 6th Bdition by Douglas A. Skoog, F. James | lodler,
and Stanley Crouch (ISBN 0-495-01201-7).
= Instrumental Methods of Analysis, 7th ed, Willard, Merritl, Dean, Settle,
»  P.W. Atking: Physicat Chemistry,
»  GLW. Castellan: Physical Chemistry.
= C.NL Banwell: Fundamentals of Molceular Spectroscopy,
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 Brian Smith: Infrared Spectral Interpretations: A Systematic Approach.
* W.J. Moore: Physical Chemistry.

PRACTICALS-DSE LAB: INSTRUMENTAL METHODS OF

CHEMICAL ANALYSIS

60 Lectures

1. Safety Practices in the Chemistry Laboratory

- Determination of the isoelectric pH of a protein.

- Titralion curve of an amino acid.

. Determination of the void volume of a gel (iltration column.

5. Determination of a Mixture of Cobalt and Nickel (UV/Vis spee.)

. Study of Electronic Transitions in Organic Molecules (i.c., acelong in waler)

- IR Absorption Spectra (Study of Aldehydes and Ketones)

- Determination of Calcium, [ron, and Copper in Food by Atomic Absorption

. Quantitative Analysis of Mixtures by Gas Chromatography (i.c., chlorolorm and carbon
tetrachloride) -

L0. Separation of Carbohydrates by HPLC

[1. Determination of Caffeine in Beverages by HPLC

12, Potentiometric Titration of a Chloride-lodide Mixture

13. Cyclic Voltammetry of (he Ferrocyanide/Ferricyanide Couple

14, Nuclear Magnetic Resonance

15, Usc of fluorescence to do “presumptive tests” (o identify blood or other body fluids,

L6. Use of “presumptive tests™ fi

Lo

I
-+

G
7
8
9

for, anthrax or cocaing

1'7. Collection, preservation, and control of blood evidence being used [or DNA (esting

IS. Use of capillary clectrophoresis with laser fluorescence detection for nuclear DNA (Y
chromosome only or multiple chromosome)

19. Usc of sequencing for the analysis of mitochondrial DNA

20. Laboratory analysis (o confirm anthrax or cocaine

21, Detection in the field and conlirmation in the laboratory of flammable accelerants or
explosives

22, Detection of illegal drugs or steroids in athletes

23. Detection of pollutants or illegal dumping

24, I'ibre analysis

At least 10 experiments to be performed.

Reference Books:
= Principles of Instrumental Analysis - 6th Fdition by Douglas A. Skoog, 7. James FHoller,
and Stanley Crouch (ISBN 0-495-01201-7).
= Instrumental Methods of Analysis, 7th ed, Willard, Merrilt, Dean, Sctlle,
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CHEMISTRY OF d-BLOCK ELEMENTS, -QUANTUM
CHEMISTRY & SPECTROSCOPY (compulsory) -

(Credits: Theory-04, Practicals-02)

Theory: 60 Lectures

Section A: Inorganic Chemisiry-3 (30 Lectures) Transition Elements (3d series)

General group trends with speeial reference to electronic configuration, variable valency, colour,
magnetic and catalytic properties, ability to form complexes and stability of various oxidation
states (Latimer diagrams) for Mn, Fe and Cu. '

Lanthanoids and  actinoids: Electronic configurations, oxidation states, colour, magnetic
propertics, fanthanide contraction, sepaation of lanthanides (ion exchange method only). _

‘ (12 Lectures)
Coordination Chemistry .
Valence Bond Theory (VB'T): Inner and outer orbital complexes of Cr, Fe, Co, Ni and Cuy
{coordination numbers 4 and 6). Structural and stereoisomerism in complexes with coordination
numbers 4 and 6.

Drawbacks of VBT. iUPAC system of nomenclature,

(8 Lecetures)
Crystal Field Theory J
Crystal field efTect, octuhcdral'symmct‘ry. Crystal ficld stabilization energy (CI'SI), Crystal
ficld effects for weak and strong fields. Tetrahedral symmelry, Iactors aflecting  the
magnitude of D, Spectrochemical series. Comparison of CFSE for Op and 7}y complexces,
Tetragonal distortion of octahedral geometry.

Jahn-Teler distortion, Square plarar coordination.
(10 Lectures)

Section B: Physical Clenistry-4 (30 Lectures) Quantum Chemistry & Spectroscopy
Speelcosecopy and its Imporlance  in chemistry. Wave-particle  duality. Link  between
spectroscopy and quantum chemistry. Clectromagnetic radiation and its interaction wilh matter.
Types of spectroscopy, Difference between atomic and molecular spectra. Borm- Oppenheimer
approximation: separation of molecutar enerpies into translational, rotational, vibrational and
clectronic components.

Postutates of quantum mechanics, quantum mechanical operators.

Free particle. Particle in o 1-D box (complele solution), quantization, normalization of
wavelunctions, coneept of zero-point cnergy,

Rotational Motion: Sehrsdinger equation of a rigid rotator and brief discussion of its resulls
{(solution nol required). Quantivation of rolational enerpy levels.
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Microwave (pure rotational} spectra of diatomic molecules.  Selection rules. Structural
information derived from rotational spectrascopy.

Vibrational Motion: Schrédinger equation of a linear harmonic oscillator and bricf discussion of
its results (solution not required), Quantization of vibrational energy levels. Selection rules,
IR spectra of diatomic molecnios. Structural information derived from vibrational

speetra. Vibrations of polyatomic molecules, Group frequencies. Effect of hydrogen bonding

{(tnler- and ttramolecular) and substifution on vibrational frequencies.

Llectronic Speciroscopy.: Blectronic excited states. IFree Electron model and iy application o
clectronic  spectra of polyenes.  Colour  and constitution, cln'omophogcs,_ auxochromes,
bathochromic and hypsochromic shifis. '

' ' (24 Lectures)

Photochemistry

Laws of photochemistry. Lambert-Beers law. Fluoreseence and phosphorescence. Quantum
efliciency and reasons for high und low quantum yields. Primary and secondary processes in
photochemical reactions. Photochemical and thermal reaclions. Photoelectric cells, :
' (6 Lectuies)
Reference Books:

- G. M. Barrow: Physical Chemistry Tata McGraw-Hill (2007).

- G. W. Castellan: Physical Chemisiry 4th Edn. Natosa (2004).

. I C. Kotz, P. M. Treichel & J R Townsend: Gewneral Chemistry, Cengage Lening
‘ India Pyt Lid., New Delhi (2009).

. B, [. Mahan: University Chemistry 3rd Bd. Narosa (1998).

- R. ML Petrucei: General Chemistry 5th Ed. Maemillan Publishing Co.: New York

(1985).

- JoDL Lee: A New Coneise Inorganic Chemistry, F.L.3.9,

. F.A. Cotton & G. Wilkinson: Busic norganic Chemistry, Tohn Witey,

- D.F. Shriver and P, W. Alkins: Tnorganic Chemistry, Oxlord Universit y Press.

. Gary Wullsbery: horganic Chemisiry, Viva Books vt Lid.

LAB

60 Lectures
Section A: Inorganic Chemistry

I, Estimation of the amount of nickel present in o given solution as bis(dimethylglyoximato)
nickel(I1) or aluminium as oxinate in a given solution gravimetrically, ‘

2. Eslimation of (i) I\/]g*?‘+ or (i) 7n?" by complexometric tirations using GOTA.
3. Hstimation of tolal hardness of a piven sample of water by complexometric
tilration.
4. Determination of the composttion of the e - sulicylic acid complex / 1'e” ' -
phennnthroline complox in solution by Job’s method.
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Section B: Physical Chemistry
UV/Visible spectroscopy

L. Study the 200-500 nm absorbance specira of KMnO, and K,Cr0; (in 0.1 M H,80,)
and determine the Amax values. Calculate the energies of the two transitions in different

units (J molecule‘l, kJ mol“i, cm'l, eV)y

I Study the pH-dependence of the UV-Vis spectrum (200-500 nm) of K,Cr, 0.

III. . Record the 200-350 nm UV spectra of the given compounds (acetone, acetaldehyde,
2-propanol, acetic acid) in water. Comment on-the effect of structure on the UV
spectra of organic compounds.

Colorimetry

L. Verify Lambert-Beer’s law  and  determine the concentration of
CuSO4/KMnO4/K2Cr207 in a solution ol unknown conceniralion

IL Analysc the given vibration-rotation spectrum ol HCl(g)

[
-

Reference Books:

- AL Vogel, Qualitative [norganie Analysis, Prentice Hall, 7th Edn,

- Al Vogel, Quantitative Chemical Analysis, Prentice Hall, 6th Edn.

. B.D. Khosla, Senior Pragtical Physical Chemisiry, R. Chand:& Co.
ORGANOMIETALLICS, BIOINORGANIC CHEMISTRY,

POLYNUCLEFAR HYDROCARBONS AND uv, IR
SPECTROSCOPY (Credits: Theory-04, Practicals-02)

Theory: 60 Lectures
Section Az Inorganic Chemistry-4 (30 Lectures)

Chemistry of 3d metals
Oxidation states displayed by Cr, Fe, Co, Ni and Co.

A study of the following compounds (including preparation and important propertics);

Peroxocompounds ol Cr, 1G,Cr, 04, KMnO,, Ky T'e(CN), ], Ky[Fe(CN), ] sodium nitroprusside,
| CONIT)ICL, Nag[Co(NO,), |-

{6 Lectures)
Organometallic Compounds

4231



E.C. (3)-28.02.2017/07.03.2017
Appendix-XCIlII

Definition and Classification with appropriate examples based on nature of metal-carbon
bond (ionic, s, p and multicentre bonds). Structures of methyl lithium, Zeise’s sali and
ferrocene, EAN rule as applicd to carbonyls. Preparation, structure, bonding and properties of
mononuctear and polynuclear carbonyls of 3d metals. p-acceptor behaviour of carban
monoxide. Synergic cifects (V3 approach)- (MO diagram of CO can be referred {o for synergic
effect to IR frequencies). '
' ‘ (12 Lectures)
Bio-Inorganic Chemistry
A brief introduction o bio-inorganic chcmil_s;{ry. Role of metal ions present in biological systems
+ + 2+ 24
witl speeial relerence (o0 Na © K and Mg rons: Na/Kpump; Role of Mg ions in Cliergy
production aud chlorophyll. Role of iron in oxygen transport, hacmoglobin, myoglobin, storape
and transport of iromn.

{12 Lectures)

Section B: Organic Clemistry-4 (30 Lectures) Polynuclear and heteronuclear aromatic
compounds:

Structure elucidation of naphthalene, preparation and propetties of naphthalene and anthracene.

Propertics of the following  compounds with reference to clectrophilic and nucleophilic
substilution: Furan, Pyrrole, Thiophene, and Pyridine.

(12 Licetures)
Active methylene compounds:
Preparation; Claisen ester condensation. Kelo-eno! tautomerisn,

Reactions: Synthetic uses of ethylacetoseotale (preparation of non-heteromolecules having
upto 6 carbon),

(6 Lectures)
Application of Speetroscopy to Simple Organic Moleoules
Application of visible, uliraviolet and Infrarcd spectroscopy i organic molecules.
Eleclromagnetic radiations, clectronic transiiions, Amax & Emax, chromophore, auxochrome,
bathochromic and  hypsochromic  shilts. Application of clectronic speetroscopy  and
Woodward rules for calevlating | max of conjupated diencs and ol — unsaturated
compounds,

Infrared radiation and types of mofecular vibrations, functional group and fingerprint region. IR
spectra of atkanes, alkenes and simple alcohols (inter and intramolecular hydrogen bonding),
aldehydes, ketones, carboxylic acids and their derivatives (elfect of substitution on
=C=0 stretehing absorptions),

(12 Leetures)
Reference Books;

- Tames I Huheey, ilen Keiter & Richard Keiter: Inorganic Chemistry: Principles of
Steucture and Reactivity, Pearson Publication,

. G Miessler & Donald AL Tarr: lhorparic (f'f’wmf.'s'frjj.*, Pearson Publication.

- J.D. Leer A New Conelse Inorpganic Chemistry, 1,L.13.5.

- FLAL Cotton & G, Wilkinson: Busie Inorszanic Chemistry, Jolin Wiley & Sons.

- Voo Pinars Organic Chenistiry (Vol. 1 & I, L3S, '
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. John R. Dyer: Applications of Absorption Spectroscopy of Organic Compounds,
Prentice Hall.
- R.M. Silverstein, G.C. Bassler & T.C. Morrill: Spectroscopic Identification of

Organic Compounds, John Wiley & Sons.
. R.T. Morrison & R.N. Boyd: Organic Chemistry, Prentice Hall.
. Peter Sykes: A Guide Book to Mechanism in Organic Chemistry, Orient Longma.
. Arun Bahland B. S. Bahl: ddvanced Organic Chemistry, S. Chand.

60 Lectures
Section A: Inorganic Chemistry

1. Separation of mixtures by chromatography: Measure the R value in each case.
!

(Combination of two ions to be given)
3+ 3+ It
Paper chromatographicseparation of Fe * Al and Cr or
¢ o4

24 M+ 2+

“Paper chromatographic separation of Ni *Co ,Mn  and Zn

2. Preparation of any two of the following complexes and measurement of their conductivity: (i)
tetraammincearbonatocobalt (111 nitrate

(i) tetraamminecopper (1) sulphate

(01} potassium trioxalatoferrate (1N wihydrate

Compare the conductance of the complexes with that of M/1000 solution of NaCl, MgCl, and
LiCls. ' '

Scetion Br Organic Chemistry

Systematic Qualitative Organic Analysis of Organic Compounds possessing monolunctional
groups (-COOIL, aleobolic, phenolic, carbohydrates, aldehydic, kelonic, anude, niro, amines)
and preparation of one derivative,

Reference Books:

- AL Vogel: Qualitative Inorpanic Analysis, Prentice Hall, 7th Ldn,

- AL Vogel: Quantitative Chemieal Analysis, Prentice Hall, 6th Fdn,

. AL Vogel: Textbook ol Practical Orpanic Chemistry, Preatice Hall, Sth Edp,

- I, G, Mann & B C Saunders: Practical Organic Chenistry, Orient Longman (1960),

MOLECULES OF LIFE
(Credits: Theory-04, Practicals-02)

Theory: 60 Lectures

Unit 1: Carbohydrates _ (10 Periods)
Classtfication ol carbohydrates, ceducing and non reducing sugars, General Propertics of
Cilucose and Froctose,  their open chain stroclure. Epimiers,  muotarotation and  snomers,
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Betermination of configuration of Glucose (Fischer proot). Cyelic structure of glucose, Haworth
projections. Cyclic structure of fructose, Linkage between monosachharides, structure of
disacharrides (sucrose, maliose, lactose) and polysacharrides (starch and cellulose) excluding
their structure elucidation.

Unit 2: Amino Acids, Peptides and Proteins J 12 Periods)
Classification of Amino Acids, Zwitterion structure and Isoelectric point. Gverview of Primary,
Secondary, Tertiary and Quaternary structure of proteins. Determination of primary strocture of
peptides, determination of N-tertuinal amino acid (by DNFB and £Zdman method) and C—
terminal amino acid (by thiohydantoin and with carboxypeplidase enzyme). Synthesis of stinple
peptides (upto dipeptides) by N-protection (tbutyloxycarbonyl and phthaloyl) & C-activating
groups and Merrifield sotid phase synthesis. ‘

Unit 3: Enzymes and correlation with drug action {12 Periods)
Mechanism of cnzyme action, factors affecting enzyme aclion, Coenzymes and cofaclors and
their role in biological reactions, Specificily of enzyme action{Including stercospecifity) |
Enzyme inbibitors and their imporlance, phenomenon of inhibition(Competitive and Non
competitive inhibition including allosteric inhibtion ). Drug action-receptor theory. Structure —
activity relationships of drug molecules, binding rofe of ~OH group,-NH?2 group, double bond
and aromatic ring, _

Unif 4: Nucleic Acids - (10 Periods)
Components of Nucleic acids: Adenine, guanine, thymine and Cytosine (Structure only), other
components of nuclele acids, Nucieosides and nueleotides {(nomenclature), Structure of
polynucleotides; Structure of DNA (Watson-Crick model) and RNA{types of RNA), Genetic
Code, Biological roles of DNA and RNA: Replication, Transeription and Translation.

Unit 5: Lipids - - , (8 Perinds)
[ntroduction to lipids, classification. ‘

Oils and fats: Common fatly acids present in oils and futs, Omega fatty acids, Trans futs,
Hydrogenation, Suponification value, fodine number.

Biological importance of friglycerides, phospholipids, glycolipids, and steroids (cholesterol).

Unit 6: Concept of finergy in Biosysicms (8 Perinds)
Calorific value of lood, Standard caloric content of carbohydrales, proteins and fals. Oxidation of
loodstuft’ (organic molceules) as a source of energy for eells. Introduction to Metabolisin
(catabolism, anabolism), ATP: the universal currency of collulyr caerpy, ATP hydrolysis and
free enerpy change. Conversion of food into energy. Outline of catabolic pathways of
Carbohydrate- Glycolysis, Fermentation, Krobs Cyele. Overview of catabolic pathways of Fats
and Proteins. Interrelationships in the metabolic patlhways of Proteins, Fats and Carbohydrales.

Reference Book:

*  Morrison, RT. & Boyd, RN Organic Chemistry, Dorling Kindersley (India) Pvt.
LAd, (Pearson Hducation).

Finar, I L. Organic Chemistry (Folume 1), Dorling Kindersley (India) Pyl Lid.
(Pearson Education).

= Fmar, L L. Organic Chemistry (Volume 2), Dorling Kindersley (India) Pyl Lid.
(Pearson Bducalion),

*  Nelson, D, L. & Cox, M. M. Lekninper's Principles of Biochemistey 7eh fd, WL
Mreeman,
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* Berg, J. M, Tymoczko, I. L. & Stryer, L. Biochemistry 7th Ed., W. H. Freeman.

LAB

60 Lectures ﬁ g}

1. Separation of amino acids by paper chromatography

. To determine the concentration of glycine solution by formylation method.
. Study of titration curve of glycine

. Action of salivary amylase on starch .

. Effect of temperature 6n the action of salivary amylase on starch.

. To determine the saponification value of an oil/fat.

. To determine the 1odine value of an oil/fat

. Differentiate between a reducing/ nonreducing sugar.

9. Extraction of DNA from onion/cauliflower

10. To synthesize aspirin by acetylation of salicylic acid and compare it with the ingredient of an
aspirin tablet by TLC.

O~ On bn B LN

 Reference Books:

« TFurniss, B.S; Hannaford, A.J; Rogers, V.; Smith, P.W.G.; Tatchell, A.R. Vogel's
Texthook of Practical Organic Chemistry, BLBS.

» Abluwalia, V.K. & Apgarwal, R, Comprehensive Practical Organic Chemiytry,
Universities Press.
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Skill Enhancement Course (any four) (Credit: 02
each)- SECI to SECY

AT Skilis for Chemists

. Basic Analytical Chemistry

- Chemical Technology & Society
. Chemoinformatics

- Business Skills for Chemists

- Intellectual Property Rights

- Analytical Clinical Biochemistry
. Green Methods in Chemistry

. Pharmaceutical Chemistry

[0. Chemistry of Cosmetics & Perfumes
t1. Pesticide Chemistry

2. Fuel Chemistry

L L e

S ~1 O

D

I'I SKILLS FOR CHEMISTS (Credits: 02)
(Flands on Exercises: 60 Leetures)
Muthemaiics

Fundamentals, mathematical funclions, polynomial expressions, loparithms, the exponential
(unction, units of a measurement, inicreonversion of units, constants and variables, equation of a
straight line, plotting graphs,

Uncerlainty in experimental techniques: Displaying uncerlaintics, measurcments in chemistry,
decimal places, significant figures, combining quantities.

Uncertainty in moasurement: lypes of uncertainties, combining  uncertaintics.  Stalistical
treatment, Mean, standard devialion, relative error. Data reduction and the propagation of crrors.
Graphical and numerical data reduction. Numerical curve fitling: the method .of feast squarcs
{(regression).

Algebraje operations on real scalar variables (¢.g. manipulation of van der Waalg cqualion, in
different forms).Roots of quadralic cquations analylically and iteratively (e.g. pH of & weak
acid), Numerieal wethods of finding roots (Newton-Raphson, binary ~biscclion, c.g. pll of a
weak acid not ignoring the jonization of water, volume ol a van der Waals gas, equilibrium

constant expressions),
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Differential calculus: The tangent line and the derivative of a function, numerical differentiation
-(¢.g., change in pressure for small change in volume of a van der Waals gas, potentiometric
titrations). : '

Numerical integration (Trapezoidal and Simpson’s rule, e.g. entropy/enthalpy change from. heat
_capacity data). '

Computer programming:

Constants, variables, bits, bytes, binary and ASCII formats, arithmetic expressions, hierarchy of
operations, inbuilt functions. Elements of the BASIC language. BASIC keywoids and
commands. Logical and relative operators. Strings and graphics. Compiled versus interpreted
tanguages.  Dcbugging. Simple programs using these concepts. Maitrix  addition and
multiplication. Statistical analysis.

BASIC programs for curve fitting, numcrical differcntiation and integration (Trapezoidal rule,
Simpson’s rule), linding roots (quadratic formula, iterative, Newton-Raphson method).

HANDS ON

[ntroductory wriling uclivitics: Introduction o word processor and  structure drawing
(ChemSketch) soltware. [ncorporating chemical structures, chemical equations, expressions from
chemistry (e.g. Maxwell-Boltznann distribution law, Bragg’s taw, van der Waals equation, cte.)

mto word processing documents.

Fndbing oumerie data: Spreadsheet soflware (Dxcel), creating a spreadsheet, entering and
formatling information, bastc functions and lormulae, creating charts, tables and praphs.
Ineorporating tables and graphs into word processing documents. Simiple cafeulutions, plotting
praphs using a spreadsheet (Planck’s distribution law, radial distribution curves lor hydrogenic
orbitals, gas kinctic theory- Maxwell-Boltzmann distribution curves as function of lemperature
and mofecular weight), spectral data, pressurc-volume curves of van der Waals pas (van der

Waals isotherms), data from phase cyuilibria studies. Graphical solution of equations.

Numeric modeliing: Simulation of pH metric titration curves. Iixcel functions LINEST and Least
Squares. Numerical curve fitting, lincar regression (rate constants [rom concentration- time data,
molat extinction cocflicients from absorbance data), numerical differentiation (e.p, handling data
[rom  potentiometric and  plHl metrie  titrations,  pKa of  weak acid), infegration (e
culropy/enthalpy change from heat capacity data). '

slatistical analysis: Gaussian distribution and Lrrors in measurements and theie effect on data

sels. Deseriptive statistics using lixeel. Statistical significance testing: The ( test. The Flest.

Presentation: Presentation graphics
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Reference Books:

*  McQuarrie, D. A, Mathematics for Physical Chemistry University Seience Books (2008).

*  Mortimer, R. Mathematics for Physical Chemistry. 3 Bd. Elsevier (2005).

* Steiner, E. The Chemical Maths Book Oxford University Press (1990).

° Yates, P. Chemical calculations, 2 Ed. CRC Press (2007). :

# Harris, D. C. Quantitative Chemical Analysis. 6th Ed., Freeman (2007) Chapters 3-5.

* Levie, R. de, How to use Excel n analytical chemistry and in general scientific data
analysis,

»  Cambridge Univ. Press (2001) 487 pages.

* Noggle, J. . Physical chemistry on a Microcomputer. Little Brown & Co. (1985).

= Venit, S.M. Programming in BASIC: Problem solving with structure and style. Jaico
Publishing House: Delhi (1996).

BASIC ANALYTICAL CHEMISTRY (Credits: 02)

(Hands on Exercises: 60 Lectures)

Introduction: [ntroduction to Analytical Chemistry and its interdisciplinary nature. Conceept of
sampling. Importance of accuracy, precision and sources of srror in analytical measurcments.

Presentation of experimental data and results, from the point of view ol significant figures,

Amalysis of soil: Composilion of soil, Coneept of pH and pH measurement, Complexometric
titrations, Chelation, Chelating agents, use of indicators

4. Determination of pH of soil samples.
b. Bstimation  of  Caleium  and Magnesium  ions  as Caleium carbonate by

complexometric titralion,

Analysis of water: Delinition of pure waler, sources responsible for contaminaling water,
water sampling methods, water purilication methods,

i Determination of pLl, acidity and alkalinity of a water sample,
b. Determination of dissolved oxygen (DOY ol a water sample.

Chromatography: Definition, gencral introduction on principles of chromatography, paper
chromatography, TLC ele.

’ . . - . N ' - SO

Paper chromatographic separation of mixture of metal ion (Ni*" and Co*"),

lon-exchange; Column, lon-exchange chromatography ele,

Determination of ion exchange capucity ol anion / cation exchange resin (using bateh

procedure il use ol column is-nof [casible).

Sugpested Applications (Any one):
155 | AN
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To study the use of phenolphthalein in trap cases.

a.
b. To analyze arson accelerants.
c.

To carry out analysis of gasoline.

Suggested Instrumental demonstrations:

a. Estimation of macto nutrients: Potassium, Calcium, Magnesium in soil samples by flame
photometry.

b. Spectrophotometric determination of Iron in Vitamin / Dietary Tablets.

¢. Spectrophotometric Identification and Determination of Caffeine and Benzoic Acid in Soflt

Drink.

Reference Books:

L. Willard, H. H. fnstrumental Methods of Analysis, CBS Publishers, 1988.

2. Skoog, D.A. and Leary, 1.1, Instrumental Methods of Analysis, Saunders College
Publications, New York, 1992 : ‘

sl

Skoog, DA West, DM. and Holler, .. Fundamentals of Analytical Chemistry sth
£d., Saunders College Publishing, Fort Worth, 1992

4 Marris, D. C. Quantitative Chemical Analysis 7" Fd., W. H. Freeman and Co., New York,
‘ 2007 _ :

5. Dean, I AL dnalytical Chemistry Handbook, McGraw Hill, 2007

6. Day, R A and Underwood, A. L. Quantitative Analysis, Prentice [all of India, 1991

7. Treilelder, B, Physical Bioclemisiry 2”(1 L, W.H. Freeman and Co., NUY. 1982

8. Cooper, 1.G. (i) The Tools of Biochemistry, JTohn Wiley and Sons, N.Y. 1977

9. Svehla, G, Vogel's Qualitative norganic Anedlyxis 7ih Fd., Prentice Hall, 1996

1. Mendham, 1., Denney, R.C., Barnes, 1.D. and Thomas, M.JK_, Vogel s Quantitative
Chemical Analysiy 6"”” fodd, Preatice Hall, 2007.

Lo Robinson, LW Undergreduate istrumental Anclysis 5!/: I, Mareel Dekker, Tne., New
York, 1995

CHEMICAL TECIHNOLOGY & SOCIETY (Credits: 02)
* (Hands on Excreises: 60 Lectures)
Chemieal chlmroing_y

Baste principles of distillalion, sobvent  cxtraction, solid-liquid leaching  and liquid-liquidexttaction,
separalion by absorption and adsorption. An introduction into he scape of different types of cquipment
needed inchemical technology, including, reactors, distillation columns, extruders, pamps, mifls,

cmulpators. Scaling up operations in chemical indastey. Introduction to elean technology,

.‘w‘uuicly
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Exploration of societal and technological issues from a chemical perspective. Chemical and seientific
literacy as a means to better understand topics like air and water (and the trace materials found in them
that are referred to as pollutants); encrgy from natural sousrces (re. solar and renewable forms), from
fossil fuels and from nuclear (ission; materials like plastics and polymers and their natural analocgues,
proteins and nucleic acids, and molecular reactivity and interconversions from simple examples like
combustion to complex instances like genelic engineering and the manufacture of drugs.

Reference Book:

John WL, Terey W, MeCreary & Doris K. Kolb, Chemistry for changing times 13th Bd.

=

CHEMOINFORMATICS (Credits: 02)
(Hands on Exercises: 60 Lectures)

Introduction to Chemoinformatics: History and evolution of chemoinformatics, Use of chemoinformatics,
Prospects of chemoinformatics, Molecular Modelling and Structure elueidation,

Representation of molecules and chemical réactions: Nomenclature, Different types of notations,
SMILES eoding, Matrix representations, Structure of Molfiles and Scifiles, Librarics and toolkits,
Different electronic effects, Reaction classilication.

Searching chemical structures: Full structure scarch, sub-siructure scurch, basic ideas, similarity scarch,
three dimensional scarch methods, basics of computation of physical and chemical data and structure
descriptors, data visualization,

Applications: Prediclion  off - Properties  of  Compeunds;  Linear  Free Energy  Relations;
Quantitative Steucture-Property Relations;  Deseriptor Analysis;  Maodel  Building; Modeling
Toxicity: Structure-Spectra corretations; Prediction of NMR, IR and Mass speetrd; Computer Assisted
Structure clucidations; Compuler Assisted Synthesis Desig, Introduction (o drug design; Tarpet
[dentitication and Velidation; Lead Finding and Optimization; Auatysis of HTS data; Virtual Screening:
Design. of Combinatorial Libraries; Ligand-Based and Struclure Based Deug design; Application of
Chemoinformatics in Drug Design.

Hands-on Lxercises

Reference Books:

“Andrew I Leach & Valerie, J, Gillet (2007) An introduction to Chemaoinformatics, Springer: The
Netherlands.

Gasterger, J. & Hogel, T, (2003) Chemoinformativs: A toxi-book, Wiley-VCIHL

"Giupla, 5.1 (2011) QSAR & Molecular Modeling, Anamaya Pub.: New Delhi,
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BUSINESS SKILLS FOR CIIEMISTS (Credits: 02)

Theory: 30 Lectures
Business Basics :
Key business concepts: Business plans, market need, project management and rottes to market,

Chemistry in Industry
Current challenges and opportunities for the cnemtstry using industries, role of chemistry in India and
global economies.

‘Making money .
Financial aspects of business with case studies -
Intellectual property |
Concept of intellectual property, patents.

References:
WWW.ISC.0rE

INTELLECTUAL P‘R() PERTY RIGHTS (1 PR) (Credits: 02)
Theory: 30 Lectures

In this era of liberalization and &,IOEYI!I/.IIIOH the pereeption aboul seionce and its practices has undergone
dramatic change. The importance ol'pml(,clmg the scientific discoveries, with commercial potential or the
mtellectual property rights is being discussed at all levels - statutory, administrative, and judicinl. With
India ratilying the WTO agreement, it has become obligatory on its part 10 follow a minimum aceeptable
standiard for protection and enforcement of intellectal property rights, The purpose of this course is o

apprise the students about the multifaceted dimensions of this tssue,
Introduction to Inteltectual Property:

Historical Peespeetive, Ditferent Types of 1P, Importance of protecting 117,
Copyrights

Introduction, How to oblain, Differences from Patents,

Trade Marks

Introduction, How to obtain, Different types of marks — Collective marks, certification marks, service
marks, Trade nanes, cle.

Differences [rom Desipns.

PPatends
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Historical Perspective, Basic and associated right, WIPO, PCT system, Traditional Knowledge, Patents
and Healtheare — balancing promoting innovation with public health, Softwarc pateats and their
importance for India.

Geographical Indications .
Deﬁnftion, rules for registration, prcvent.ion of illegal exploitation, importance to India.
fndustrial Designs

Definition, How to oblain, features, Inlernational desipn ropistraiion,

Layout design of integrated circuits

Circuit Boards, Integratcd Chips, Linportance for clectronic mdustry,

Trade Secrets

Introduction and Historical Perspectives, Scope of Protection, Risks involved and legal aspects of Trade
Sceret Protection, '

Different International agreements
(@) Ward Trade Organization (WTOY:

(DGeneral Agreement on Tariffs & Trade (GATTY, Trade Related Intellectual Property Rights (TRIPS)
agrecment '

(i) General Agreement on Trade refated Services (GATS)

(Hi)Madrid Prolosal

(iv)Berne Convention

(v)Budapest Treaty

(b) Paris Convention

WIPO and TRIPS, PR and Plant Breeders Rights, 1IPR and Biodiversity

P Infringement issue and enforcement — Role of Judiciary, Role of law enforcement agencies — Police,
Customs efe. Eeonomic Value of Intelfectual Properly — Intangtble assets and their valuation, Intellectual
Property in the tnding Context — Various laws in India Licensing and technology trunsfor,

Reference Books:
NG Acharya: Textbook on intellectual property rights, Asia Law House (2001),

“Manjula Gueu & M1, Rao, Understanding Trips: Managing Knowledge in Developing Countrics, Sape
Publications (2003),
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‘P. Ganguli, Intellectual Property Rights: Unieashing the Knowledge Economy, TataMcGraw-
Hill (2001). ' :

«Arthur Raphael Miller, Micheal H.Davis; Intellectual Property: Patents, Trademarks and Copyright in a
Nutshell, West Group Publishers (2000). :

*Jayashree Watal; Intellectual property rights in the WTO and developing countries, -

,Oxford University Press, Oxford.

ANALYTICAL CLINICAL BIOCHEMISTRY_(Crcditsz 02)
(Hands on Exercises: 60 Lectures)

Basic understanding of the structures, properties and functions of carbohydrates, lipids and
proleins:

Review of concepts studied in the core course:

Carbohydrates: Biological importance of carboliydrates, Metabolism, Cellular currency of
energy (ATD), Glycolysis, Alcohotic and [actic acid lermentations, Krebs cycle.

[selation and characierization of polysachiarides.

Proteins: Classilication, biological importance; Primary and secondary and tertiary structures of

proteins:o -helixy and - pleated sheets, [solation, characterization, denaturation of proteins,

LEnzymes: Nomenclature, Characteristics (menbion of Ribozymes), Classification: Active site,
Mechanism of enzyme action, Stercospecilicity of enzymes, Coenzymes and colactors, Lnzyme
mhibilors, Introduction o Biocatafysis: importance in “Green Chemistry” and Chemical
Industry.,

Lipids: Classification.  Biological importance  of triglycerides  and phosphoglycerides  and
chalesterol; Lipid membrane, Liposomes and  their biological Tunctions and underlying
applications.

Lipoproteins,
Properties, functions and biochemical functions of steroid hormonces.

Biochemistry of peptide hormones.
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L

structure of DNA (Watson-Crick model) and RNA, Genelic Code, Biological roles of DNA and
RINA: Replication, Transcription and Translation, [ntroduction to Gene therapy.

Enzymes: Nomenclature, classification, effect of pH, temperature on enzyme activity, enzyme
inhibition.

Biochemisiry of discase: A diagnostic approach by blood/ urine analysis.

Blood: Composiiion and  functions of blood, blood coagulation. Blood cotlection  and
presesvation of samples, Anaemia, Regutation, estimation and mlerprctation of data for blood
sugar, uren, creatinine, cholestero! and bilirubin,

Urine: Collection and  preservation of samiples. 6. Formation of urine. Compaosition and
estimation of constituents of normal and pathological urine.

Practicals

[dentification and estimation of the following:
L.Carbohydrates — qualitative and quantitative.
2. Lipids — qualitative.

3. Determination of the iodine number of oil.

4.Determination of the saponification number of oil.

3. Determination of cholesterol using Liebermann- Burchaed reaction,

0.Proteing - qualitative.

7. Isolation of protein.

8.Delermination of protein by the 1]31L;r'ct reaction.

9. Determination of nueleic acids

Reference Books:

*I.G. Cooper: Tool of Biochemistry.

“Keith Wilson and John Walker: Practical Brochemistry,

<Alan H Gowenlock: Varley's Practical Clinical Biochemistry.
Y _ by

“Thomas M. Devlin: Textbaok of Biochemislry.
Jeremy M. Berg, John L Tymocerko, Luberl stryer: Biochemistry .

Gl Talwar and M Srivastavie Textbook ol Biochemistey and | unan Biology.
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*A.L. Lehninger: Biochemistry.
‘-O. Mikes, R.A. Chalmers: Laboratory Handbook of Chromatographic Methods.

GREEN METHODS IN CHEMISTRY (Credits: 02)
(Hands on Exércises: 60 Lectures)

Theory and Hands-on Experiments
[ntroduction: Definitions of Green Chemistry. Brief introduction of twelve principles of Green
Chemistry, with examples, special emphasis on atom economy, reducing toxicity, green solvents,

Green Chemistry and catalysis and alternative sources of energy, Green energy and sustainability
The following Real world Cases in Green Chemistry should be discussed:

| Surlactants for Carbon Dioxide - replacing smog producing and ozone depleting solvents
with CO; for precision cleaning and dry cleaning of garments,
2 Designing of Environmentally safe marine antifoulant.

3 Rightit pigment: synthelic azopigments o teplace toxic organic and inorganic pipments,
4 An efficient, green synthesis ol a compostable and widely applicable plastic (poly Jaclic
acitd) made from corn.

PRACTICALS
! Preparatton and characterization of hiodiesel from vegelable oil.
2 Lxtraction of D-fimonene from orange peel using liquid COy prepared from dry ice,
3 Mechanochemical solvent [ree synthesis of azomethine.

o

Solvent free, microwave assisted one pot synthesis of phthalocyanine complex of
copper(I)

Reference Books:

I Anastas, DT, and Warner, LK. Oxford Green Chemisiry- Theory and Practical,
University Press, 1998

2. Maltlack, AS. Introduction to Green Chemisiry, Marcel Dekker, 2001

3. Cann, M.Cooand Connely, MLE., Real-World Cases in Green Chemistry, American
Chemical Sociely, Washinglon, 2000 . '

4. Ryan, M.A. and Tionesand, M., Introduction to Green Chemistry, American Chemical
sociely, Washington, 2002

5. Sharma, RIC, Sidhwani, LT, and Chaudhari, MK, Green Chemistry Experiments, 4
manograph, LI Inlernational Publishing House vt Ltd. New Delhi, Bangalore 1SN
078-93-81141-55-7, 2013

G. Lancaster, Mike Green Chemistry: An Introductory Test 2™ Fel, RSC Publishing, SN
DTR-1-84755-873-2, 2010

7. Wealth from wasic: A preen methed o produce biodicsel from waste cooking oil and
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generation of useful products from waste further gencrated * A social Awareness Project”
Indu Tucker Sidhwani, Geeta Saini, Sushmita Chowdhury, Dimple Garg, Malovika, Nidhi
Garg, Delhi University Journal of Undergraduate Research and Tnnovation, Voll, Issue 1,
Feb 2015, ISSN: 2395-2334. '

PHARMACEUTICAL CHEMISTRY (Credits: 02)
{(Hands on Exercises: 60 Lectures) -
Drugs & Pharmuceuticaly

Drug discovery, design and development; Basic Retrosynthetic approach, Syuthcsis of the
representative <drugs of the following classes: analgesics agents, antipyretic agents, anti-
inflammatory agents “(Aspirin, paracetamol, [buprofen); antibiotics (Chloramphenicol);
antibacterial and  antifungal agents (Sulphonamides; Sutphanethoxazol, Sulphacetamide,
Trimethoprim); antiviral agents (Acyelovir), Central Nervous Systenr agents (Phenobarbiat,
Diazepam),Cardiovascular (Glyceryl teinitrate), antilaprosy (Dapsone), HIV-AIDS related drugs
(AZT- Zidovudine).

Fermentation

! e - - -~ . .- - . .
Acrobic and anaerobic fermentation, Production of (i} Ethyt aleohol and cilric neid, (i) Antibiotics;
Pendeillin, Cephalosporin, Chiaromycetin and streptomyein, (iii) Lysine, Glutamic acid, Vitamin 32,
Vitamin B12 and Vitamin C,

Practienls

F.Prepacation of Aspirin and its analysis.

2. Preparation of magnesium bisilicute (Antacid).

Reference Books:

*G.L. Patrick: Introduction to Medicinal Chemistry, Oxford University Press, UK.

“Hakishan, VK. Kapoor: Medicinal  and Pharmaceutical  Chemistry, Vallabh Prakashan,
Pitampura, New Delhi.

*William O. Foye, Thomas L., Lemke , David A, William: Principles of Medicinal Chemistry,
3.0 Waverly Pvt. Lid, New Delhi,
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CHEMISTRY OF COSMETICS & PERFUMES (Credits: 02)
(Hands on Exercises: 60 Lectures)

A general study including preparation and uses of the following: Hair dye, hair spray, shampoo,
suntan lotions, face powdet, lipsticks, talcum powder, nail enamel, creams (cold,

vanishing and shaving creams), antiperspirants and artificial flavours. Essential oils and their
importance in cosmetic industries with reference to Eugenol, Geraniol, sandalwood oil,
eucalyplus, rose oil, 2-phenyl ethyl alcohol, Jasmone, Civetone, Muscone.

Practicals

L.Preparation of talcum powder.

éiPreparation of shampoo.

3.Preparation of enamels.

4.Preparation of hair remover.

5.Preparation of [ace eream,

6.Preparation of nail polish and nail polish remover.

Reference Books: |

-, Stocehi: Industrial Chcmisir)'f, Vol -1, Ellis Horwood Lid. UK.

<P.C. Jain, M. Jain: Engineering Chemistry, Dhanpal Rai & Sons, Delhi.
*B.K. Sharma; [ndustrial Chemistry, Goel Publishing House, Mecrut.

PESTICIDE CHEMISTRY (Credits: 02)
(Hands on Exercises: 60 Lectures)

General introduction to pesticides (natural and synthetic), beaelits and adverse clicets, changing
concepls of pesticides, structure activity relationship, synthesis and teehnical manufacture and
uses of representative pesticides in the following classes: Organochlorines (DD'T Gammexene,);
Organophoesphates (Malathion, Parathion ); Carbamates (Carbofuran and carbaryl); Quinonces §
Chiorani), Anilides (Alachlor and Butachlor).

Practieals

ITo  caleulate -acidity/alkalinity  fr given sample ol pesticide  formulations  as per BIS

specifications,

2Preparation of simple orginophosphates, phosphonates and thiophosphates
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Reference Book:

*R. Cremlyn: Pesticides, John Wiley.

FUEL CHEMISTRY (Credits: 02)
(Hands on Exercises: 60 Lectures)

Review of encrpy sources (renewable and non-renewable). Classification of fucls and their
calorific value.

Coal: Uses of coul (fuel and nonfuel) in various industries, ils composition, carbonization of
coal.Coal gas, producer gas and water pas composition and uses. Fractionation of coal tar, uses
of coal tar bases chemicals, requisites of a good metalturgical coke, Coal gasification (Hydro
gasification and Calalylic gasification), Coal liquefaction and Solvent Refining.

Petroleum and Petrochemical Industey: Composition of crude petroleum,, Refining and different
types ol petroleum products and their applications, '

Fractional Distillation (Peinciple and process), Cracking (Thermal and catalytic cracking),
Reforming Petroleum and non-petrolenm fucls (LPG, CNG, LNG, bio-gas, fuels derived from
biomass), fuel from wasle, synthetic fuels (gaseous and figuids), clean fuels. Petrochemicals:
Vinyl acetate, Propylene oxide, Isoprene, Buladicne, Toluene and its derivatives Xylene.

Lubricants: Classification of lubricants, lubricating oils (conducting and non-condueting)Solid
and semisolid lubricants, synthetic lubricants.

Propertics of lubricants (viscosily index, cloud point, pore pointy and their determination.
Refercnce Booky:

1. Stocchi: Industrial Chemistry, Vol -1, Ellis Horwood Lid, U K.

“P.C Jain, ML Jain: Fngincering Chemistry, Dhanpat Rai & Sons, Delhi.

"B.KL Sharma: Industrial Chemistry, Gocel Publishing House, Meerut,
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SCHEME AND SYLLABUS UNDER CHOICE BASED CREDET

FOR B.se. PROGRAMME LIFE SCEHENCES

SYSTEM

CORE COURSE (12)
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CC- Chemistry |
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C\BCS Undeigraduai e drogrant i Zooley :

Discipline Core Courses: Zoology : : ' b

1. Animal Diversity .

2. Comparative Anatomy and Developmental Biology of Vertcbrates ' ¢
3. Physiology and Biochemistry

- 4, Genetics and Evolutionary Biology

Discipline Specific Electives: Zoology (Any two)

1. Applied Zoology : .
-2. Animal Biotechnology
3. Aquatic Biology
- 4. Immunology ' . ,
5. Reproductive Biology
6. insect,Vector and Diseases

Skill Enhancement Courses: Zoology

—h

1. Apiculture

. Aquarium Fish Keeping

. Aquatic Biology

. Medical Diagonistics

. Public Health and Hygiene
. Sericulture

(T U, R >N WS I

80
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(S Undergjraduate Program i Zoology

CORE COURSE
ANIMIAL BIVERSITY

THEORY (CREDITS 4)

I. . +
Unit 12 Kinpdom Protista
General charaeters and  classification up to classes; Locomolory Orpanelles  and

locomoiion in Protozos

Unit 2: Phylum Portfera
General characters and classilication up to classes; Canal System in Sycon

Unit 3: Phylum Coidaria
Ceneral characters and classification up to classes; Polymorphism in Hydrozoa

Unit 4: Phylum Platyhelminthes
General characters and classification up to classes; Life history of Taenia solium

Unit 5: Phylum Nemathelminthes
General characters and classification up to classes; Life history of Ascaris lumbricoides
and its parasitic adaplations

Unit 6: Phylum Annclida
General characters and classification up to classes; Metamer ism m Annelida

Unit 7: Phylum Arthropeda

General characters and classification up o classes: Vision in  Arthropoda,

Metamorphosis in Insects

Unit 8: Phylum Mollusca

General characters and classification up 1o classes; Torsion in gastropods

Unit 9: Phylum Echinodermats
General characters and Llasslhunllon up to classes; Water-vascular system in Aatcloldca

Unit 10: Protochordates
General features and Phylogeny of Protochordata

*

Unit 11: Agnatha
General featwres of Agnatha and clusmhmhon of cyclostomes up to classes

Unit 12: Pisces
General features and Classificaiion up to orders; Osmoregulation in Fishes

4252%"
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L (B Undergraduete Program i Zoofogy
Unit 13: Amphibia ' ' : 4
General features and Classification up to orders; Parental carc ‘
Unit 14: Reptiles - ‘ 4

General features and Classification up to orders; Poisonous and non-poisonous snakes,
Biting mechanism in snakes

Unit 15: Aves 5
General features and Classification up to orders; Flight adaptations in birds

Unit 17: Mammals : PS
Classification up {o orders; Origin of mammals '

" Note: Classification of Unit 1-9 to be followed from “Barnes, R.D. (1982).
Imvertebrate
Zoology, V Edition”

82
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ANENMAE DIVERSEYY

(CREDITS 2)

Study of the following specimens:

Awmarcha,  Iogdena,  Plasmodion, Paramecinm,  Syeon,  Hyalonema,  and
Fupleciella, Obelia, Pliysalia, durelia, Tubipora, Meiridivm, Taenia solivm, Male
and Temale Ascariv fumbricoides, Aphrodite, Nercis, Phereiima, Hirudinaria,
Palacimon, Cancer, Limulus, Palamnacus, Scolopendra, Julus, Periplaneta, Apis,
Chiton, Dentufium, Pila, Unio, Lolige, Sepia, Oclopus, Pentaceros, Ophivra,
Echinus, Cucumaria and Antedon, Balunoglossus, Herdmania, Branchiostoma,
Petromyzon,  Sphyrna,  Pristis,  Torpedo, = Labeo,  [Exococtus, Anguilla,
Ichithyophis/Ureotyphlus,  Salamandra,  Bufo, Hyla, Chelone, Hemidactylus,
Chamuaeleon, Draco, Vipera, Naja, Crocodylus, Gavialis, Any six comunon birds
from different orders, Sorex, Bat, Funagmbulus, Loris

Study of the following permanent slides:
T.S. and L.S. of Sycon, Study. of life history stages of Taeniy, T.S. of Male and

female Ascaris

Key for Identification of poisonous and non-poisonous snakes

An “animal album” containing photographs, cut outs, with appropriate wrile up
about the above mentioned taxa. Different taxa/ topics may be given to different sets
of students for this purpose.

SUGGESTED READINGS

Ruppert and Barnes, R.D. (2006). Invertebrate Zoology, VIII Edition. Holt
Saunders International Edition.

Barnes, R.S.K., Calow, P., Olive, P.J.W., Golding, D.W. and Spicer, I.1. (2002).
The Invertebrates: A New Synthesis, 111 Edition, Blackwell Science -

- Young, J. Z. (2004). The Life of Vertebraies. J11 Edition. Oxford university press.

Pough H. Ver tcbf ate life, VI Edition, Pearson International.
Hall B.K. and Halignmsaon B. (2008). Strickberger's Evolution. IV Edition.
Jones and Bartlett Publishers Ine,

?’.‘
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CBCS Undergraduate Program in Zoology

CORE COURSE I . v
COMPARATIVE ANATOMY AND DEVELOPMENTAL BIOLOGY OF
VERTEBRATES | -
' ‘ &
THEORY (CREDITS 4)
E.
Unit 1: Integuméntar’y System 4 : -
Derivatives of integument w.r.t. glands and digital tips
, &
Unit 2: Skeletal System ‘ 3 o
Evolution of visceral arches
¥
Unit 3: Digestive System . o : 4 “
Brief-account of alimentary canal and digestive glands
Unit 4: Respiratory System : 5 &
Brief account of Gills, tungs, air sacs and swim bladder p
Unit 5: Circulatory System 4 ¢
Evolution of heart and aortic arches B
=Y ‘
Unit 6: Urinogenital System ' ' 4 ¢
Succession of kidney, Evolution of urinogenital ducts p
Unit 7: Nervous System 3 s
Comparative account of brain .
Unit 8: Sense Organs _ 3 £
Types of receptors .
Unit 9: Early Embryonic Development : ' 12 £
Gametogenesis: -Spermatogenesis and oogenesis w.r.t. mammals, vitellogenesis in ©
birds; Fertilization: external (amphibians), internal {(mammals), blocks to polyspermy; _ N
Early development of frog and humans (structure of mature egg and its membranes, -
patterns of cleavage, fate map, up to formation of gastrula);types of morphogenetic ¢
movements; Fate of germ layers; Neurulation in frog embryo.
Upit 10: Late Embryonic Development 10 a
Implantation of embryo in humans, Formation of human placenta and functions, other .
types of placenta on the basis of histology; Metamorphic events in frog life cycle and *
its hormonal regulation. e
-
24 <
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ey Undenpraduate drogrom i Zoolog
i )

Unit 11 Controt of Developnient b
Fundamentad processes o development (hrel ey Gone achivation, dodermination,
iduction,  Differentiation,  morphopenesis, intereellulae conmmunication,  celi

movemends aud cell death
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CBCS -"Umﬁ'rymarzmtc Program i Zoology §

COMPARATIVE ANATOMY AND DEVELOPMENTAL BIOLOGY OF
VERTEBRATES

PRACTICAL (CREDITS 2)

1. Osteology:

a) Disarticulated skeleton of fow! and rubbit
b) Carapace and plastron of turtle Aortoise
¢) Mammalian skulls: One berbivorous and one carnivorous animal.

2. Frog - Study of developmental stages - whole mounts and sections through
permanent slides — cleavage stages, blastula, gastrula, neurula, tail bud stage, tadpole
external and internal gill stages,

3. Study of the different types of placenta- histological sections through permanent
slides or photomicrographs.
4. Study of placental development in humans by ultrasound scans.

5. Examination of gametes - frop/rat - sperm and ova through peérmanent slides or

‘photomicrographs.

SUGGESTED READINGS
o« Kardong, K.V. (2005) Vertebrates’. Comparative Anatomy, Function and

Evolution, IV Edition. McGraw-Hill Higher Education.

Kent, G.C. and Carr R.K. (2000). Comparative Anatomy of the Vertebrates. 1X
Edition. The McGraw-Hill Companies.

Hilderbrand, M and Gaslow G.E. Analysis of Vertebrate Structure, John Wiley
and Sons. .

Walter, H.E. and Sayles, L.P; Biology of Vertebrates, Khosla Publishing House.
Gilbert, S. F. (2006). Developmental Biol-ogy, VIII Edition, Sinaver Associates,.
Inc., Publishers, Sunderland, Massachusetts, USA.

Balinsky, B.I. (2008). An introduction to Embryology, Intemational Thomson
Computet Press. '

Carlson, Bruce M (1996). Patten’s Foundations of Embryology, McGraw Hilil,
Inc.

36
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CBCS Undergraduate Program in Zoology | 2@15

CORE, COURSIE TH
PHYSIOLOGY AND BIOCHIEMISTRY

THEORY (CREDITS 4)

Unit I: Nerve and muscle 8
Structure of o neuron, Resting membrane potential, Graded potential, Origin of
Action potential and tts propagation in myelinated and non-myelinated nerve fibres,
Ullra-struciure ol skeletal muoscle, Molecular and  chemical basis  of muscle

contraction

Unit 2: Digestion ‘ 5
Physiology of digestion. in the alimentary canal; Absorption of carbohydrates,

I . . .
proteins, lipids

Unit 3: Respiration : 3
Pulmonary ventilation, Respiratory volumes and capacities, Transport of Oxygen and
carbon digxide in blood

Unit 4: Excretion 5
Structure of nephron, Mechanism of Urine formation, Counter-current Mechanism

Unit 5: Cardiovascular system 6
Composition of blood, Hemostasis, Structure of Heart, Origin and conduction of the
cardiac impulse, Cardiac cycle

Unit 6: Reproduction and Endocrine Glands - 7
Physiology of male reproduction: hormonal control of spermatogenesis; Physiology

of female reproduction: hormonal control of menstrual cycle

Structure and function of pituitary, thyroid, Parathyroid, pancreas and adrenal

Unit 7: Carbohydrate Mctabolism ' 8
Glycolysis, Krebs Cycle, Pentose phosphate pathway, Gluconeogenesis, Glycogen

metabolism, Review of electron transport chain

Unit 8: Lipid Metabolism 5
Biosynthesis and § oxidation of palmitic acid '

Unit 9: Protein metabolism 3
Transamination, Deamination and Urea Cycle

Unit 10: Enzymes 6
Introduction, Mechanism of action, linzyme Kinetics, Inhibition and Regulation
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PHYSIOLOGY AND BIOCHEMISTRY

PRACTICAL (CREDITS 2) .

1. Preparation of hemin and hemochromogen cr ystals
2. Study of permanent histological sections. of mammalian pituitary, thyroid, ¢
' pancreas, adrenal gland '
3. Study of permanent slides of spinal cord, duodenum, liver, lung, qumy, bone,
 cartilage
4. Qualitative tests to identify functional groups of carbohydrates in given solutions

(Glucose, Fructose, Sucrose, Lactosc)

2. REstimation of total protein in given solutions by Lowi -y’s method.

3. Siudy of activity of salivary amylase under optimum conditions

SUGGESTED READINGS

« Tortora, .1, and Derrickson, B.H. (2009). Principles of Anatomy and Phystofogy,
X1 Edition, John Witey & Sens, Inc.

e Widmaier, E.P., Raff, H. and Strang, K.T. (2008) Vander’s Humcm Physiology, X1
Edition., McGraw Hill

« Guyton, A.C. and Hall, L.E. (2011). Texthook of Medical Physiology, X11 Edition,
Harcourt Asia Pvt. Ltd/ W.B. Saunders Company

e Berg, 1. M., Tymoczko, J. L. and Stryer, L. (2006). Biochemistry. V1 Edition.
W.H Freeman and Co.

e Nelson, D. L., Cox, M. M. and Lchmngcr AL. (2009). Prmcrples of
Biochemistry. IV Edition. W.IL. Freeman and Co.

e Murray, R.K., Granner, D.K., Mayes, P.A. and Rodwell, V.W. (2009). Harper's
IHustrated Biochemistry. XX VI Edition. Lange Medical Books/Me Graw3Hill.

- 88
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ORI COURSE TV
GENETECS AND EVOLUTHONARY BIOLOGY

THEORY (CREDETS 4)

it 1: Introduction o Genelies
Mendel's work on transmission of Ouis, Genetic Varation, Molecular basts of

Cienelic Information

Unit 2: Mendelian Genetics and ity EKxtension

Principles ol Inheritance, Chromosome theory of nheritance, Incomplete dominance
and co-dominance, Multiple alleles, Lethal alleles, Epistasis, Pleiotropy, sex linked
mhieritance, extra-chromosomal inheritance

Unit 3: Linkage, Crossing Over and Chromosomal Mapping

Linkage and crossing over, Recombination frequency as o measure of linkage
intensity, two factor and three factor crosses, Interference and coincidence, Somatic
cell genetics - an allernative approach to gene mapping

Unit 4: Mutations

- Chromosomal  Mutations:  Deletion, Duplication, Inversion, Translocation,

Aneuploidy and
Polyploidy; Gene mutations: Induced versus Spontaneous mutations, Back versus
Suppressor mutations,

Unit 5: Sex Determination
Chromosomal mechanisms, dosage compensation

Unit 6: History of Life
Major Events in History of Life

Unit 7: Introduction t¢ Evoluttonary Theories
Lamarckism, Darwinism, Neo-Darwinigm

Unit 8: Direct Evidences of Evolution :
Types of fossils, Incompleteness of fossil record, Dating of fossils, Phylogeny of
horse '

Unit 9: Processes of Evolutionary Change

Organic variations; Isolating Mechanisms; Natural selection (Example: Industrial
melanism); Types of natural selection (Direetional, Stabilizing, Disruptive), Artificial
selection |

4260
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CBCS Undergraduate Program in Zoology

6

Biological species concept (Advantages and Limitations): Modes of speciation

(Allopatric, Sympairic)

Unit 11: Macro-evolution

Macro-evolutionary Principles (example: Darwin’s Finches)

Unit 12: Extinction

G

Mass extinction (Causes, Names of five major extinctions, K-T extinction in detail),
) 3|

Role of extinction in evolution

Ll
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GENETICN AND ENVOLETIONARY BIOLOGY
PRACTICAL (CREDITS 2)

I Study of Mendelan Inheritance and pene interactions (Non Mendelian [nheritance)
using suitable cxamples, Verily the resulis nsing Chi-square test,
- Study of Linkage, recombination, pene mapping using, the data,

Study of Hluman Karyotypes (normal and abnormat).

L N ]

SStudy of Tossil evidences Trom plaster cast models and pictures
- Study of homology and analopy lrom suitable specimens/ pictures
. Charts:
a) Phylogeny of horse with diagrams/ cut outs of limbs and teeth of horse
ancestors

S n

b) Darwin’s Finches with diagrams/ cut outs of beaks of different species
7. Visit to Naturat History Museum and submission of report

SUGGESTED READINGS

« Gardner, E.J., Simmons, M.J., Snusiad, D.P. (2008). Principles of Genetics.
VI Edition. Wiley India,

« Snustad, D.P., Simmons, M.J. (2009). P: inciples Of Genetics. V Edition. John
Wiley and Sons Inc.

e Klug, W.S,, Cummings, M.R., Spencer, C.A. (2012). Concepts of Genetics. X
Edition. Benjamin Cummings.

e Russcll, P. I (2009) (;enencs A Molecidar Approach. 111 Edition. Benjamin
Cummings. |

e Griffiths, AJF., Wessler, SR., Lewontin, R.C, and Carroll, $.B. Introduction
to Genetic Analysis. IX Edition, W, H. Freeman and Co.

e Ridley, M. (2004). Evolution. I Edition. Blackwell Publishing

« Barton, N. H,, Briggs, D. E. G, Eisen, I. A., Goldstein, D. B. and Patel, N, H,
(2007). Evolution. Cold Spring, Harbour Laboratory Press.

« Hall, B. K. and Hallgrimsson, B. (2008) Evolution. TV Edition. Jones and
Bartlett Publishers

= Campbell, N. A. and Reece 1. B. (2011). Biology. IX Edition, Pearsomn,
Benjamin, Cummings.

e Douglas, I. Futuyma (1997). Evolutionary Biology. Sinauer Associates.
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CRCS Ondergraduate Program 1 Zoology
i q )

DISCIPLINE CENTRIC ELECTIVE COURSES

DSE 1
ANIMAL BIOTECHNOLOGY

THEORY (Credits 4)

Yinift 1: Introduction . 8

Concept and scope of biotechnology

Unit 2: Molecular Techniques in Gene manipulation 24

Cloning vectors: Plasmids, Cosmids, Phagemids, Lambda Bacteriophage,
M13, BAC, YAC, MAC and Expression vectors (characteristics)

Restriction enzymes: Nomenclature, detailed study of Type 1L
Transformation techniques: Calcium chloride method and electroporation.

Construction of genomic and cDNA libraries and screening by colony and
plaque hybridization

~ Southern, Northern and Western blotting: DNA sequencing: Sanger method

Polymerase Chain Reaction, DNA Finger Printing and DNA micro array

Unit 3: Genetically Modified Organisms : .18

Production of cloned and transgenic animals: Nuclear Transplantation,
Retroviral Method, DNA microinjection '

Applications of transgenic animals: Production of pharmaceuticals,
production of donor organs, knockout mice.

" Production of transgenic plants: Agrobacterium mediated transformation.,

Applications of transgenic plants: insect and herbicide resistant plants.

_ Unit 4: Culture Techniques and Applications C 10

Animal cell culture, Expressing cloned genes in mammalian cells, Molecular
diagnosis of genetic diseases (Cystic fibrosis, Sickle cell anemia)

Recombinant DNA in medicines: Recombinant jnsulin and human growth
hormone, Gene therapy

972
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ANIMAL, BEGEPROCHINGEOGY

PRACTICAL
7. Gienonuc DNA isolation fom Foeald
8. Plasmid DNA solation (pUC TEL9) from T cali
9 Restrction digestion of plasmid DNAL
10.  Construction of circular and lincar restriction map from the data
provided.
i1. Calculation of transformation cfficiency from the data provided.
i2. To smdy following 1(":ChI‘liq£!'CS through photographs
a) Southern Blotting
b) Northern Blotting
¢) Western Blotting
d) DNA Secquencing (Sanger's Method)
e) PCR '
f) DNA ﬁngerpi‘inting
7. Project report orn animal cell culture

SUGGESTED READINGS

Brown, T.A. (1998). Molecular Biology Labfox II: Gene Cloning and DNA
Analysis. 11 Edition, Academic Press, California, USA.

Glick, B.R. and Pasternak, J.J. (2009). Molecular Biotechnology - Principles and
Applications of Recombinant DNA. IV Ldition, ASM press, Washington, USA.
Griffiths, AJ.F.,, JH. Miller, Suzuki, D.T., Lewontin, R.C. and Gelbart, W.M.
(2009). An Introduciion to Genetic Analysis. 1X Edition. Freeman and Co., N.Y.,
USA. |

Snustad, D.P. and Simumons, M.1. (2009). Principles of Genetics. V Edition, John
Wiley and Sons Inc.

Watson, 1.D., Myers, R.M., Caudy, A. and Witkowski, J.K. (2007). Recombinani
DNA- Genes and Genomes- A Short Course. I1I Edition, Freeman and Co., N.Y.,
USA. ' ' ‘

Beauchamp, T.1. and Childress, FF. (2008). Principles of Biomedical Ethics. VI
Edition, Cxford University Press.

4264 -

(Credits 2)



E.C. (3)-28.02.2017/07.03.2017
Appendix-XCIlII

CRCS Undergraduate Program i Zoology B

DSE 2
APPLIED ZOOLOGY

THEORY (CREDITS 4)

Unit 1: Introduction to Host-parasite Relationship ' 3
Host. Definitive host, Intermediate host, Parasitism, Symbiosis, Commensalism, Reservoir,
Zoonosis

Unit 2: Epidemiology of Diseases 7
Transmission, Prevention and control of diseases: Tubcrculosis, typhoid

Unit 3: Riclkettsiae and Spirochactes 6
i
Brief account of Rickettsia prowazekii, Borrelia recurrentis and Treponema pallidum

Unit 4: Parasitic Protozoa _ 8
Life history and pathogenicity of ZEnmtamocba histolytica, Plasmodium  vivax  and
Trypanosoma gambiense .

Unit 5: Parasitic Helminthes B 5
Life history and pathogenicity of A m,yio\ioma duodena!r: and Wuchereria bancr nﬂf

Unit 6: Insects of Economic Importance - ' -8
Biology, Control and damage caused by Helicoverpa armigera, Pyrilla perpusilla and
Papilio demoleus, Callosobruchus chinensis, Sitophilus oryzae and Tribolium castaneum

Unit 7: Insects of Medical Importance 8
Medical importance & 'md control of Pediculus humanus corporis, Anopheles, Cu!e\ A edes,
Xenopsylla cheopis

Unit 8: Animal Husbandry 5
Preservation and artificial insemination in cattle; Induction of early puberty and
synchronization of estrus in cattle

Unit 9: Poultry Farming 5
Principles of poultry breeding, Management of breeding stock and broilers, Processing and
preservation of eggs ‘

Unit 10: Fish Technology 5
Genetic improvements in aquaculture industry; Induced breeding and transportation of fish
seed '

54
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PRACTICAL {(CREDITS 2)

I Study ol Plasmodions vivay,  Entamoeha histolyiica, Trypanosoma gambiense,
Ancylostoma  duodenale and Wuchereric buncrofti and  their Tife stages  through
permanent stides/photomicrographs or spectniens. |

2. Study ol arthropod vectors associsied  with human  diseases:  Pediculus,  Culex,
Anopheles, Aedes and Xenopsylla,

3. Study of insect damage 1o different plant parts/stored grains through damaged
products/photographs.

4. lIdentifying feature and- economic importance of Helicoverpa (Heliothis) armigera,
Papilio CJ'GJITO/G?J,S", Pyrilla perpusilla, Caflosobruchus chinensis, Sitophilus oryzae and
Tribolivm castaneum :

5. Visit to poultry farm or animal breeding centre, Submission of visit report
Maintenance of freshwater aquarium

SUGGESTED READINGS

e Park, K. (2007). Preventive and Social Medicine. XVI BEdition. B.B Publishers.

= Arora, D. R and Arora, B. (2001). Medical Parasitology. 11 Edition. CBS Publications
and Distributors. |

e Kumar and Corton. Pathological Basis of Diseases.

o Atwal, A.S. (1986). Agricultural Pests of India and South East Asia, Kalyani Publishers.

e Denunis, H. (2009). dgricultural Entomology. Timber Press (OR).

o Hafez, E. S. E. (1962). Reproduction in FFarm Animals. Lea & Fabiger Publisher

« Dunham R.A. (2004). Aquaculture and Fisheries Biotechnology Genelic Approaches.
CABI publications, UK.

e Pedigo, L.P. (2002). Entomology and Pest Management, Prentice Hall.
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DCE3
AQUATIC BIOLOGY

THEORY - (Credits 4)
UNIT 1: Aquatic Biomes |

Brief introduction of the aquatic biomes: Freshwaler ccosystem (lakes, wellands, streams and
rivers), estuaries, intertidal zones, occanic pelagic zone, marine henthic zone and coral reefs,
UNIT 2: Freshwater Biology |

Lakes: Origin and classification, Lake as an Ecosystem, Lake morphometry, Physico—chemical
Characteristics: Light, Temperature, Thermal strati fication, Dissolved Solids, Carbonate,
Bicarbonates, Phosphates and Nitrates, Turbidity: dissolved gases (Oxygen, Carbon dioxide).
Nutrient Cycles in Lakes-Nitrogen, Sulphur and Phospharous.

Streams; Different stages of streamn development, Physico-chemical environment, Adaptation
of hill-stream fishes.

UNIT 3: Marine Biology

Salinity and density of Sea water, Continental shelfl, Adaptations of deep sea organisms, Coral
reefs, Sea weeds. ‘

UNIT 4: Management of Aquatic Resources

Causes of pollution: Agricultural, Industrial, Sewage, Thermal and Oil spills,

Eutrophication, Management and conservation (legislations), Sewage treatment

Water quality assessment- BOD and COD.
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AQUATIC BIOLOGY

PRACTICAL (Credits 2)
6. Determine the area of a lake using graphimetric and gravimeltric method.

7. ldentily the important macrophytes, phytoplank(ons and zooplanktons present

in o lake ccosystem.

§.  Determine the amount of Turbidity/transparency, Dissolved Oxygen, Free
Carbon dioxide, Alkalinity (carbonates & bicarbonates) in water collected from
a ncarby lake/ water body.

9. Instruments used in limnology (Secchi disc, Van Dorn Bottle, Conductivity
meter, Turbidity meter, PONAR grab sampler) and their significance.

10. A Project Report on a visit to a Sewage treatment plant/Marine bio-
reserve/Fisheries Institufes.

SUGGESTED READINGS
 Anathakrishnan : Bioresources Ecology 3" Edition
+ Goldman : Limnology, 2" Edition
o Odum and Barrett : Fundamentals of Ecology, 5" Edition

o Pawlowski : Physicochemical Mcthods for Water and Wastewater Treatment, 1%
Edition

e  Wetzel : Limnology, 3" edition
e Trivedi and Goyal : Chemical and biological methods for water pollution studies

e  Welch : Limnology Vols. 1-1]
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NDSE 4 |
IMMUNOLOGY
: .
THEORY (CREDITS 4) .
Unit 1: Overview of the Immune System - 16 &
Introduction to basic concepts in immunology, components of immune system, -
principles of innate and adaptive immune systen: '
-
Unit 2: Celis and Organs of the Immunc System 8 L
Haematopoeisis, Cells of immune system and organs (primary and sccondary
lymphoid organs) of the immune system ¥
| 3
Unit 3: Antigens _ 8
Basic properties of antigens, B and T cell cpitopes, haptens and adjuvants &
. . (
Unit 4: Antibodies 8
Structure, classes and function of antibodies, monoclonal antibodies, antigen ¢
antibody interactions as tools for research and diagnosis -
Unit 5: Working of the immune system ' 12 ¢
tructure and functions of MHC, exogenous and endogenous pathways of antigen .
presentation and processing, Basic properties and functions of cytokines,
Complement system: Components and pathways. '
- ;
Unit 6: Immunpe system in health and discase 10
. . . “ ~ ' 4
Gell and Coombs’ classification and brief description of various types of '
hypersensitivities, Introduction to concepts of autoimmunity and immunodeficiency, t
Unit 7: Vaccines ' 4 b
General introduction to vaccines, Varjous types of vaccines .
-
|4
i
-

9%
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IMMUNGLOGY
PRACTIOAL, (CREDITS 2}
Bemanstration of lymphoid organs
Histological study ol spleen, thymuos aid Iymph nodes through shdes/ photographs

I
2z
3. Preparation of stained blood Glns (o study various types of blood cells.
4. Ouchicerlony’s double tnmuno-diffusion method.

.

-

ARG blood proup determination .

6 Cell counting and viability est Trom splenocyles of Tarm bred animals/eeld
lines. -

7. Demonstration of

a) ELISA

b) Immunoelectrophoresis

(*Subject to UGT guidelines)

SUGGESTED READINGS

« Kindt, T. J., Goldsby, R.A,, Osborne, B. A. and Kuby, J(2006). [mmunology, VI
Edition. W]l Freeman and Company

= David, M., Jonathan, B., David, R. B. and lvan R. (2006) Immunology, VII Edition,
Mosby, Elsevier Pubhcatlon

. Abbas K. Abul and Lechtman H. And;cw (2003.) Cellular and Molecw’ar Immunology.
V Edition. Saunders Publication.
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REPRODUCTIVE BIOLOGY ‘ S

‘

THEORY ‘ (CREDITS 4) l_
Unit 1: Reproductive Endocrinology | ¢
Gonadal hormones and mechanism of hormone action, steroids, glycoprotein hormones, and {

prostaglandins, hypothalamo — hypophyseal — ponadal axis, regulation of gonadotrophin
secretion in male and female; Reproductive System: Development and differentiation of

ponads, genital duets, external genitalia, mechanism ol sex differentiation. '
Unit 2: Functional anatomy of male reproduction ' -
Outline and histological of male reproductive system in rat and human; Testis: Cellular 4

functions, germ cell, system cell renewal; Spermatogenesis: kinetics and hotrmonal regulation;
Androgen synthesis and metabolism; Epididymal function and sperm maturation; Accessory

¢

glands functions; Sperm transportation in male tract
Unit 3: Functional anatomy of femalte reproduction .

Outline and histological of female reproductive system in rat and human; Ovary:
folliculogenesis, ovulation, corpus fwteum formation and regression; Steroidogenesis and l
secretion of ovarian hormones; Reproductive cycles (rat and human) and their regulation,

changes in the female tract; Ovum transport in the fallopian tubes; Sperm transport in the

female tract, fertilization; Hormonal control of implantation; Hormonal regulation of gestation,
pregnancy diagnosis, foeto — maternal relationship; Mechanism of parturition and its hormonal
regulation; Lactation and its regulation

Unit 4: Reproductive Health

Infertility in male and female: causes, diagnosis and management; Assisted Reproductive
Technology: sex selection, sperm banks, frozen embryos, in vitro fertilization, ET, EFT, IUT,
ZIFT, GIFT, ICSI, PROST; Modern contraceptive technologies; Demographic terminology ;
used in family planning '

-

Y
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RICPRODUCTIVE BIOLOGY

PRACTICAL (CREDITS 2)

8. Study of animal house: sct up and  maintenance of animal house, breeding
techniques, care of normal and experimental animais.

9. Focamination of vaghial smear rats from live animals

10, Surpical  techniques:  principles ol surgery i endoceinelogy.  Ovarcctomy,
hystercctorny, castration and vascetomy in vals.

11, Lxamination of histological sections from photomicrographs/ permancit slides of
rat/human: testis, epididymis and accessory glands of male reproductive systems;
Scetions of ovary, falfopian (ube, ulerus {proliferative and sceretory slages), cervix
and vapina,

2. Human vaginal exfoliate cylology.

13, Sperm count and sperm molility in rat

4.

Study of modern contraceptive devices

SUGGESTED READINGS

Austin, C.R. and Short, R.V. reproduction in Mammals. Cambridge University Press.
Degroot, L.J. and Jameson, J.L.. (cc"i_.s}. Endocrinology. W.B. Saunders and Company.
Knobil, E. et al. (eds). The Physiology of Reproduction. Raven Press Ltd.

Hatcher, R.A. et al. The Bssentials of Contraceptive Technology. Population
Information Programme.
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GE 6 ' e
INSECT, VECTORS AND DISEASES

"

THEORY (Credits 4)

Unit I; Introduction to Ingeets G .

General Features of Insects, Morpholopical features, Head — Hyes, Types of
antennac, Mouth parts w.r.t. feeding habits '

Hnit IF: Concept of Vectors ' 6
rief intreduction of Camrier and Vectlors (mechanical and biologtcal vector), 4 ¢

Reservoirs, Host-vector relationship, Vectorial capacity, Adaptations as vectors,

Host Specificity

Unit II: Inscets as Vectors 8

Classification of insects up to orders, detailed features of orders with insects as
vectors — Diptera, Siphonaptera, Siphunculata, Hemiptera

Unit IV: Dipteran as Disease Vectors , : 24
Dipterass as important insect vectors — Mosquitoes, Sand fly, Houseflies;

Study of mosquito-borne diseases — Malaria, Dengue, Chikungunya, Viral
encephalitis, Filariasis; Control of mosquitoes

Study of sand fly-borne diseases — Visceral Leishmaniasis, Cutaneous
Leishmaniasis, Phlebotomus fever; Control of Sand fly

Study of house fly as important mechanical vector, Myiasis, Control of house fly i

Unit I'V: Siphonaptera as Disease Vectors 6

Fleas as important insect vectors; Host-specificily, Study of Ilea-borne diseases —
" Plague, Typhus fever; Control of fleas ' '

Unit V: Siphunculata as Disease Vectors ' 4

Human iouse (Head, Body and Pubic louse) as important insect vectors; Study of
Jouse-borne diseases —Typhus fever, Relapsing fever, Trench fever, Vagabond’s
disease, Phthiriasis; Control of human louse '

Unit VI: Hempitera as Disease Vectors : 6

Bugs as insect vectors; Blood-sucking bugs; Chagas disease, Bed bugs as
mechanical vectors, Control and prevention measures ‘

10z -
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PNSECT VECTORS AND BESEASES

PRACTICAL (CREDETS 2)

10, Study of different kinds of mouth parts of inseets

/1 Study of following insect veetors through permanenl slides/ photographs
Acdes, (adex, Anopheles, Pediculus hamanus capitis, Pediculus fumanis
corporis,  Phithirus  pubis,  Xenopsylla  cheopis,  Clnex lectularius,

 Phichotomus  argentipes, Musca domestica,  throuph  permanent  slides/

photographs

72, Study of different discases transmitted by above insect vectors

Submission of a project report on any one of the inseet vectors and disease transmitted

SUGGESTED READINGS

Imms, A.D. (1977). A General Text Book of Entomology. Chapman & Hall, UK

Chapman; R.F. (1998). The Insects: Structure und Function. 1V Edition, Cambridge
University Press, UK

Pedigo L.P. (2002). Entomelogy and Pest Managemeni. Prentice Hall Publication

‘Mathews, G. (2011). Integrated Vector Management: Controlling Vectors of Malaria and

Other Insect Vector Borne Diseases. Wiley-Blackweli
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SKILL ENHANCEMENT COURSES
SEC 1

APICULTURE
(CREDITS 2)

Unit 1: Biology of Bees' (4)
History, Classification and Biology of Honey Beces
Social Organization of Bee Colony

Unit 2: Rearing of Bees (10)
Artificial Bee rearing (Apiary), Rechives — Newton and Langstroth

Bec Pasturage

Selection of Bee Species for Apiculture

Bee Keeping Equipment

Methods of Extraction of Honey (Indigenous and Modern)

Unit 3: Diseases and Enemics (3)
. Bee Diseases and Enemies '
Control and Preventive measures

Unit 4: Bcé Economy . (2)
Products of Apicuiture Industry and its Uses (Honey, Bees Wax, Propolis), Pollen
gte

(4)

Unit 5: Entreprencurship in Apiculture : :
Bee Keeping Industry — Recent Efforts, Modern Methods in employing artificial
Beehives for cross pollination in horticultural gardens

SUGGESTED READINGS
e Prost, P. J. (1962). Apiculture. Oxford and IBH, New Delhi.

« DBisht D.S., Apiculture, JCAR Publication.

e Singh S., Beekeeping in India, Indian council of Agricultural Research, NewDelhi.
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5

o SEC -2

.

AQUARIUM FISH KEEPING
(CREDITS 2)
Unitl: Introduction to Aquartum Fish Keeping

The potential scope of Aguanium Fish bodustry as o Collnee Industry, Pxolic andlindemic
| i ! ¥ 2

g

species of Aquariung Fishes

Unit 20 Biolopy of Aquariun Fishes

Common characters and sexual dimorphism of Fresh waler and Marine Aquariumiishes such
as Guppy, Molly, Sword tatl, Gold fish, Angel fish, Biue morph, Ancmone fish and Butterfly
fish

Unit 3: Food and feeding of Aquarium fishes
Usce of live fish feed organisms. Preparation and composition of formulated fish feeds

Unit 4: Fish Transportation
Live fish transport - Fish handling, packing and forwarding techniques,

Unit 5: Maintenance of Aquarium
General Aquarium maintenance — budget for setting up an Aquarium Fish Farm as a Cottage
- ] Industry '
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SEC3
MEDICAL DIAGNOSTICS e
_ " ©
THEORY (CREDITS 2)
. L
Unit 1: Introduction to Medical Diagnostics and its Importance Z
Unit 2: Diagnostics Methods Used for Analysis of Blood 10 e
Blood composition, Preparation of blood smear and Differential Leucocyte Count (D.L.C) '
using Leishman's oiain, Platelet count using haemocytometer, Erythrocyte Sedimentary o
Rate (E.S.R), Packed Cel] Volume (P.CV) : : .
Unit 3: Diagnostic Methods Used for Urine Analysis 6 G
Urine Analysis: Physical characteristics; Abnormal constituents ' e
Unit 4:Non-infectious Diseases 6 ‘ .
Causes, types, symptoms, complications, diagnosis and prevention of Diabetes (Type | and ‘
Type 1), Hypertension (Primary and secondary), Testing of blood glucose using
Glucometer/Kit : ' ¢
‘
Unit 5: Infectious Diseases 3
Causes, types, symptoms, diagnosis and prevention of Tubereulosis and Hepatitis '
Unit 6: Tumours ‘ _ 3
Types (Bcnign/Malignant), Detection and metastasis; Medical imaging: X-Ray of Bone
fracture, PET, MRI and CT Scan (using photographs). .

SUGGESTED READINGS

park, K. (2007), Preventive and Social Medicine, B.B. Publishers

Godkar P.B. and Godkar D.P. Textbook of Medical Laboratory Technology, 11 Edition,
Bhalani Publishing House :
Cheesbrough M., 4 Laboratory Manual for Rural Tropical Hospitals, A Basis for
Training Courses '

Guyton A.C. and Hall LE. Textbook of Medical Physiology, Saunders

Robbing and Cortan, Pathologic Basis of Disease, VillEdition, Saunders

Prakash, G. (2012), Lab Manual on Blood Analysis and Medical Diagnostics, S. Chand
and Co. Ltd.
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SEC3

PUBLIC HEALTH AND HYGIENE

(CREBITS 2)
Uit 1: Introduction to Public health and Hygiene B
Significance of Public health and Hygiene, Nutrition and health, classification of foods.

Major nutritional Deficiency diseases- Protein Energy Malnutrition (kwashiorkor and
marasmus), Vitamin deficiency disorders, Tron deficiency disorders. Todine deficiensy

disorders
Unit 2: Environment and Health hazayds , g
Environmental degradation, Environmental Pollution — Air, water, soil and noise;

Associated health hazards
Unit 3: Communicable diseases 5
Different types of communicable diseases and their control measures — Tuberculosis,
Measles, Dengue, Leprosy

Unit 4: Life Style related Non-Communicable diseases 5
Different types of Life style related non-communicable diseases - Hypertension, Coronary
Heart diseases, Stroke, Diabetes mellitus, Obesity and Mental ill-health - their causes and
prevention through dietary and lifestyle modifications

Uit 5: Secial health problems 4

Smoking, alcoholism, drug dependence and Acquired Immuno-Deficiency Syndrome
{AIDS) - their causes, treatment and prevention
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S
HESEARCH METHODOLOGY

(CREDITS 2)

Uit | Foundations of Rescarch 5

Meaning, Objeciives, Molivation: Rescarch Methods v Methodology, Types of

Rescarch: Analytical ve Descriptive, Quantitative vy Qualitative, Basic v Apphied

Unit 2: Research iesign : 8

Necd for rescarch design: Features of good design, Important coneepts related to
good design- Observation and Faets, Prediction and Explanation, Development of -
Models. Developing a rescarch plan: Problem identification, Experimentation,
Determining experimental and sample designs

Unit 3: Data Collection, Analysis and Report Writing 12

Observation and Collection of Data-Methods of data collection- Sampling, Methods,
Data Processing and Analysis Strafegies, Technical Reporls and Thesis writing,

Preparation of Tables and Bibliography. Duta Presentation using digital technology

Unit 4: Cthical Issues 5

Intellectual property Rights, Commercialization, Copy Right, Royalty, Patent law,
Plagiarism, Citation, Acknowledgement

SUGGESTED READINGS

Anthony, M, Graziano, A.M. and Raulin, M.L. 2009. Rescarch Methods: A Process of
Inquiry, Allyn and Bacon.

Walliman, N. 2011.Rescarch Methods- The Basies. Taylor and Francis, London, New
York. '

- Wadhera, B.L..: Law Relating to Potents, Trode Murks, Copyright Designs and

Geographical Indications, 2002, Universal Low publiShing

- C.R.Kothari: Research Methodology, New Age International, 2009

Coley, S.M. and Scheinberg, C.A. 1990, “Proposal writing”. Stage Publications. |
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~ SECS
SERICULTURE
(CREDITS.2)

Unit 1: Introduction : (3)
Sericulture: Definition, history and present status; Silk route

Types of silkworms, Distribution and Races
Exotic and indigenous races
Mulberry and non-mulberry Sericulture

Unit 2: Biology of Silkworm ' {3)
Life cycle of Bombyx moti
Structure of silk gland and seeretion of silk

Unit 3: Rearing of Sitkworms ' ' ' {13)
Selection of mulberry variety and establishment of mulberry garden
Rearing house and rearing appliances

Disinfectants: Formalin, bleaching powder, RKO

Sjlkworm rearing technology: Early age and Late age rearing
Types of mountages ' :

Spinning, harvesting and storage of cocoons

Unit 4: Pests and Diseascs ' ' - {4)
Pests of silkworm: Uzi {ly, dermestid beetles and vertebrates :
Pathogenesis of silkworm diseases: Protozoan, viral, fungal and bacterial

Control and prevention of pests and discases '

Unit 5: Entreprencurship in Sericulture )
Prospectus of Sericuiture ‘n India: Sericulture industry in different states,
employment, potential in mulberry and non-mulberry sericulture. Visit to various
sericulture centres. '

SUGGESTED READINGS

« Handbook of Practical Sericulture: q R. Ullal and M.N, Narasimhanna (CSRB, Bangalore

o Appropriate Qericultural Techniques; Ed. M. 5. Jolly, Director, CSR & T1, Mysore.

« Handbook of Silkworm Rearing: Agriculture and Technical Manual-1, Fuzi Pub. Co.
1td., Tokyo, Japan1972. ‘ : :

~«  Manual of Silkworm Egg Production; M. N. Narasimhanna, CSB, Bangalore 1988.

e Silkworm Rearing; Wupang—Chun and Chen Da-Chung, Pub. By FAO, Rome 1988,

e A Guide for Bivoltine Sericulture; K. Sengupta, Director, CSR & TI, Mysore 1989,

e Improved Method of Rearing Young age sillkworm; S. Krishnaswamy, reprinted CSB,
Bangalore, 1986.
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